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Refractive index (,,) of a flour-water infusion digested at 62° C. 
for 15 minutes after the modified Molin procedure as described by us 
(see Munz and Bailey, 1937) was compared with the “maltose figure ” 
as determined by the Schoorl method for reducing sugars. Eight flours 
were employed which were produced in five different mills. Each flour 
was brought to five levels of diastatic activity by the addition of grad-’ 
uated portions of malted wheat flour. In one set of comparisons (Fig- 
ure 1) the maltose figure was determined by digestion at 39°, while 
the n,, was determined after digestion for 15 minutes at 62° C. Two 
flours stand distinctly apart from the average, Flour S from Mill C 
(lowest graph) and Flour S from Mill A (top graph). The former is 
believed to be peculiar in having a lower content of water peptizable 
starch, since the reaction of the aqueous digest with iodine is much 
feebler than in the instance of the other flours. 

In the second set of comparisons, recorded graphically in Figure 
2, the m, was determined as before, while the maltose content of the 
same preparations was also determined as the other variable. There 
was better agreement here, as might be anticipated, and refractive index 
constituted a fair basis for predicting maltose production. In a gen- 
eral way, our experience has been that where there was any substantial 
departure from the average relation between these two constants, 1, 
appeared to be more highly correlated with the baking data than the 


1 Paper No. 1481, Journal Series, Minnesota Agricultural Experiment Station. Condensed from a 
thesis presented by Emil Munz to the Graduate School of the University of Minnesota in partial ful- 
fillment of the requirements for the degree of Doctor of Philosophy, 1935. 

2 Presented in part at the annual meeting of the A. A. C. C., June, 1936. 
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maltose figure. This may be due to the fact that labile, water-peptizable 
starch contributes to a greater extent to the development of a higher 
maltose figure. 
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Figure 1. Relation of maltose figure as determined at 30° C. to refractivity determined at 62° C. 
in a series of eight commercial flours produced in five different mills and with each flour brought to 
five levels of diastatic activity by the addition of graduated portions of malted wheat flour. 


TABLE I 


RELATIVE Errect oF AppinG 0.59 WHEAT MALT TO FLOUR AS RECORDED IN TERMS 
OF THE INCREASE IN MALTOSE FIGURE AND REFRACTIVE INDEX, WITH 
THE Lowest VALUE (FLouR C III) TAKEN As 100 


Relative increase in 


Flour 
number Refractive index np Maltose figure 


Wz 
I 123 128 
II 128 134 
Ill 100 100 
IV 100 109 
Vv 120 131 
VI 109 107 
VII 135 136 
VII 140 142 


July, 1937 EMIL MUNZ AND C. H. BAILEY 447 


In contrasting the two flour characteristics, n, and maltose figure, 
it is significant that the magnitude of the effect of wheat malt flour addi- 
tions registers to approximately an equivalent extent when measured in 
these two terms. This is evident from the data in Table I. 
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Figure 2. Relation of the concentration of maltose to the refractivity of flour suspensions 
digested for 15 minutes at 62° C. Same flours as in Figure 1. 


Uniform increments of malted wheat flour added to normal flour do 
not effect the same absolute or relative increase in either maltose figure 
or refractive index. The first increment effects the largest maltose 
production and thereafter the relative magnitude of the effect of subse- 
quent increments decreases and is curvilinear as is evident from the data 
recorded graphically in Figure 3. 
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Figure 3. Relative diastatic activity measured as refractivity of digestate (left), and as maltose 
content of digestate, in terms of percentage of the flour (right). Digestion conducted at 62° C. for 
15 minutes with 1 part flour to 5 parts water. 


Wheat Malts from Different Sources 


Three wheat samples representing Burbank (a white spring), Mar- 
quis (hard red spring), and durum wheat were germinated, dried, and 
milled into straight grade flours. A commercial malted wheat flour was 
also available. Two proportions of each, namely 4% and %4%, were 
added to a commercial hard winter wheat flour, and aliquots of these 
were digested at 62° C. and 64° C. respectively. The m, and maltose 
content of each preparation were determined, and the resulting values 
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Figure 4. Increase in diastatic activity as effected by addition of wheat malt flour to four flour 
samples, and as registered in terms of refractivity (left) and maltose production (right). Digestions 
conducted at 62° C. and 64° C. respectively. 


are recorded graphically in Figure 4. Several significant features of 
this study should be emphasized. Both », and maltose values are 
higher when digested at 64° C. than at 62° C. Again, there is a good 
correlation, essentially linear, between 1, (series at left) and maltose 
content (at right). Amylases of different wheats stand in the same 
general relation to each other when digestions are conducted either at 
higher (62°-64° C.) or at lower (30° C.) temperatures. It is also 
evident that these several wheat malt flours differ substantially in their 
capacity to induce saccharogenesis in this flour sample. Thus the Bur- 
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bank wheat malt effected from 50% to 60% more of an increase in labile 
or fermentable carbohydrates than the durum wheat malt, with the 
Marquis and commercial malts in intermediate positions. 

When the same four malt flours were added to a commercial hard 
spring wheat flour and a soft red winter wheat flour in proportions of 
“4% and %%, the resulting saccharogenesis was in the same order and 
with essentially the same ratios as with the hard winter wheat flour. 
Incidentally these ratios thus determined were quite different from, and, 
in fact, just the reverse of the measured Lintner values of these malts 
which were as follows: 


Burbank 80 
Marquis 82 
Durum = 95 


Parenthetically, it should be indicated at this point that our data are not 
sufficiently extensive to justify the conclusion that the three wheats used 
in preparing the malt flours in these studies were representative of the 
average of their types. Accordingly, we do not advance any conclusions 
respecting the relation of wheat variety or type to its malting qualities. 


Effect of Amylases on the Physical Properties of Dough 


The physical properties of dough are often assumed to be associated 
primarily with the flour proteins, their concentration, proportions or 
ratio, properties or “ quality,” the effect of electrolytes, lipoids, hydro- 
gen-ion concentration, and other factors of environment upon them, and 
their progressive degradation by proteinases and mechanical treatment. 
While the proteins, and notably the gluten proteins, merit a prominent 
place in such a discussion, because of their unique and singularly useful 
properties, nevertheless one should not wholly disregard the starch in 
dough, which constitutes by all odds the largest proportion of the dry 
matter and overshadows the flour proteins in quantity by the order of 
five or more to one. 

Thus it is known that a-amylase is distinguished by its dextrinogenic 
properties, which can easily be demonstrated by the increase in mobility 
of starch pastes effected by its presence. If starch in dough is hydro- 
lyzed appreciably by a-amylase or otherwise, it would be reasonable to 
assume that it might cause the dough to lose “ stiffness” and become 
more mobile. It became desirable, therefore, to attempt a measurement 
of dough properties with added a-amylase, particularly as contributed 
by malted wheat flour, to ascertain the magnitude of the effect of this 
enzyme in these particulars. This appears to be a factor that has 
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largely been overlooked in the earlier discussions of progressive changes 
in dough properties that occur during fermentation. 

The farinograph affords one of the means for measuring such 
changes, and has been employed by Landis (1935), and by Rupp and 
Bailey (1937) in observing the effects of such proteinases as papain in 
dough. Accordingly the Landis procedure was followed in certain of 
these studies, and in essentially the following manner: 300 g. of flour 
was placed in the farinograph mixer and sufficient water added so that 
the dough consistency was equivalent to 600 units on the scale at the 
end of exactly 5 minutes mixing time. Then an additional 10 cc. of 
water was added in which was dissolved any reagent such as enzymes, 
acids, etc., to be added to the dough. This caused the sharp reduction 
in farinograph scale reading (or actual increase in mobility) which im- 
mediately registered on the graph. The mixing was continued for ex- 
actly 2 minutes more, the dough removed from the mixer, and allowed 
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Figure 5. Farinograms of doughs mixed 7 minutes (upper curve of each pair), allowed to stand 
for 30 minutes and then remixed for 10 minutes (lower curve of each pair). Lactic acid (3 cc. of 
1.0 N per 300 g. flour) was added to each dough at end of fifth minute of original mixing. Variables 
included. salt, and wheat malt. 


to stand for 30 minutes. It was then returned to the mixer, and re- 
mixed for 10 minutes. The resulting curve was recorded on the same 
chart, and appeared as the ‘lower graph in each instance. 

Since it is known that doughs tend to increase in H-ion concentration 
during fermentation, a preliminary study was made of some simple 
flour-water doughs, without yeast or salt, and with pH as a variable. 
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When the latter was adjusted by progressive additions of lactic acid 
it was observed that as the pH was decreased from pH = 5.85 in the 
non-acidulated dough, to pH = 5.2, there was a progressive increase 
in mobility or decrease in the farinograph reading after 30 minutes of 
rest. This was effected with the flour in question by the addition of 
3 cc. of 1.0 N lactic acid to 300 g. flour. Further changes in pH to as 
low as 4.4 had no substantial effect upon mobility when the initial mobil- 
ity was brought to exactly 600. When salt was included in the formula 
the doughs were stabilized somewhat, and registered less change in 
mobility. This is evident from the two upper graphs in Figure 5. 


4 


Figure 6. Farinograms, similar to Figure 5 but with lgctic acid and papain as variables. 
Malted wheat flour was then added to such doughs in the proportion 


of 4%, and as indicated in Figure 5 it resulted in an increased mobility 
after 3 hours as shown by the departure of the two lower graphs from 
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the graphs of the corresponding malt-free doughs. Further studies 
with 4%, 4%, and 44% wheat malt demonstrated that the magnitude 
of the effect on mobility was a function of the proportion of malt added 
to the dough. The issue is then joined as to whether this action of the 
malt is attributable to amylases, proteinases, or some other property. 
Accordingly a series of preparations were made, with and without lactic 
acid, and with and without added papain. The latter was used in two 
proportions, 0.005% and 0.01%. Unlike the earlier studies with plain 
doughs, the acidulated doughs (right half of Figure 6) were not more 
mobile than the non-acidulated dough. It is thus apparent that the 
proteinase behaved very differently from the malt, at least in this rela- 
tion to acidity. It is evident, however, that the papain increased the 
dough mobility, and in fairly direct ratio to the proportion that was 
added. 

An amylase preparation was then made by freeing malt extract from 
proteinases by precipitating the latter with safranin. To this was added 
sufficient ethyl alcohol to bring the concentration of the latter to the 
equivalent of 60% to precipitate the a-amylase as suggested by Klinken- 
berg (1932). The precipitate was washed free from safranin with 
60% alcohol, and dried at room temperature. When 1% NaCl solution 
was used to extract the amylases from wheat malt, the diastatic activity 
of the resulting dried precipitate was 1214 times that of the original malt 
flour. A water extract, similarly treated, yielded a precipitate 5 times as 
active as the malt flour. 

These two dried precipitates were added to a low diastatic flour in 
proportions equivalent to %4% malted wheat flour and tested in the 
farinograph. The resulting curves were of the same nature as those 
obtained with malted wheat flour and recorded in Figure 5. This means 
that either the proteinases were not removed by the safranin treatment 
of the malt extract, or the increase in mobility of the doughs was ef- 
fected by the a-amylase of the extract. 

It then became desirable to attempt a further fractionation of 
a-amylase and proteinase, and recourse was first had to Ohlsson’s 
(1922) procedure for inactivating a-amylase by acidulating to pH = 3. 
Citric acid was used in acidulating and the preparation was then neu- 
tralized with CaCO,. This not only brought the pH back to the original 
level but also precipitated the insoluble salts which were formed, thus 
eliminating ion effects on the plasticity measurements. When papain 
alone was superimposed on flours thus treated, the acidulation had no 
effect upon its activity, as shown by the results of farinograph tests re- 
corded in Figure 7. A combination of 0.01% papain and 0.2% wheat 
malt registered a large increase in mobility, but when this combination 
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was acidulated to pH = 3, neutralized and tested, the effect on mobility 
was largely reduced and the remixing curve was of the same general 
character as that of papain alone. Ohlsson had observed also that heat- 
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Figure 7. Farinograms, similar to Figure 5 but with papain and wheat malt as variables. 


ing a mixture of amylases to 70° C. had the effect of inactivating the 
B-amylase, but a minimal effect upon the a-amylase. We applied this 
heat treatment to papain and found it was not affected, likewise heating 
a combination of papain and malt did not largely modify its effect upon 
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the mobility of doughs. This suggests that the inactivation of B-amy- 
lase by heating was not of large consequence, as contrasted with the 
inactivation of a-amylase. In other words, a treatment, namely acidula- 
tion, which inactivated the a-amylase but not the proteinase or the 
B-amylase, resulted in a substantial decrease in the extent of the change 
in mobility, which suggests that the a-amylase is largely responsible for 
this change. 

To be sure, the foregoing discussion is based upon an assumption, 
namely, that the proteinases of flour behave in the same manner as 
papain. This assumption appears fully justified on the basis of the 
recent work of Balls and Hale (1935, 1936) however. 
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Figure 8. Farinograms, similar to Figure 5 but with wheat malt (upper right), acidulated wheat 
malt extracts contributing active B-amylase (lower left), and heated wheat malt extract contributing 
active a-amylase (lower right). 


Further testing of this hypothesis was afforded by a series of stud- 
ies in which an infusion of malted wheat flour equivalent to 4% was 
added to each of three flour aliquots. One of these infusions was un- 
treated, one was first acidulated to inactivate the a-amylase and then 
neutralized, and one was first heated to inactivate the $-amylase. 
Doughs made from the last increased in mobility as did the untreated 
malt, whereas the acidulated preparation effected no more change in 
mobility than the control or malt-free as recorded in Figure 8. Thus 
it again appears that inactivating the B-amylase did not modify the 
softening effect, whereas inactivating the a-amylase practically deprived 
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the malt preparation of its capacity to soften or increase the mobility of 
dough substantially. 

In this general connection it appeared desirable to ascertain which 
of the amylases of malted wheat makes the most useful contribution to 
a low diastatic flour as registered in baking. Accordingly an extract of 
malt was prepared and used uniformly in proportions equivalent to 4% 
of malt. One aliquot of the extract was added directly, another was 
heated to 70° C. to inactivate the B-amylase, and a third was acidulated 
as noted above to inactivate the a-amylase, then neutralized and added 
to the flour. Baking tests were conducted by a straight dough process 
with fermentation time varied from 3 to 5 hours as noted in Table IT. 
While the B-amylase of the acidulated extract registered a useful effect 
in terms of loaf volume and baking score, the a-amylase of the heated 
extract was more pronounced in its effect. It must be recognized, how- 
ever, that the manipulation accorded these preparations did not deprive 
the flour itself of the B-amylase presumed to be present in normal, un- 
germinated wheat, and accordingly we may assume that there was a 
combination of a- and B-amylases in the doughs made with the heated 
extract. The a-amylase added by the latter promoted gassing rate and 
bread quality, however, as evidenced by the bread scores. 


TABLE II 
BAKING PRoperTIES OF LOW-DIASTATIC FLOUR SUPPLEMENTED WITH a@- AND 
8-AMYLASE 
Loaf volume, cc. Bread score 
Fermentation time in Fermentation time in 
hours hours 
3 4 5 3 4 5 
(a) Control 2450 2490 2375 85 4 854 823 
(b) Malt extract equivalent 
to 2790 §=2750 2600 89 894 854 
(b) After heating, contrib- 
uting a-amylase 2750 =2725 2565 8&8 85 
(b) After acidulation, con- 
tributing 8-amylase 2525 2675 2450 87 86 4 83 4 
Summary 


Refractive index (n,,) of flour water infusions digested at 62° C. 
for 15 minutes as a measure of diastatic activity is highly correlated with 
the “ maltose figure” or reducing sugar production as determined by 
Schoorl method. 

Progressive increments of malted wheat flour did not effect the same 
absolute or relative increase in either the maltose figure or refractive 
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index (7, of the low diastatic flours to which it was added. The first 
increment registered the largest increase in “ diastatic activity ” and each 
successive increment was of smaller effect within the limits studied. 

Wheat malt prepared from different varieties and types of wheat 
varied considerably in its capacity to induce saccharogenesis when added 
to low-diastatic wheat flour. 

The degradation of dough plasticity or increase in mobility appears 
to be affected by a-amylase contributed by added malted wheat flour. 
B-amylase registered a small or insignificant effect upon this property 
of doughs. 

a-amylase as contributed by malted wheat flour resulted in a more 
substantial improvement in bread quality as registered in terms of loaf 
volume and bread “ scores” than the B-amylase of the malt flour. 
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Introduction 


The general recognition by cereal technologists of the importance of 
gas production in relation to baking behaviour has led, in recent years, 
to the development of numerous methods for evaluating the capacity of 
different flours to support yeast fermentation. Some cereal chemists 
prefer to obtain a measure of this flour characteristic by determining 
diastatic activity, while others measure “ gassing power” directly by 
fermentation methods. 

The original Rumsey (1922) procedure for evaluating diastatic 
activity has been improved and greatly simplified through pH control, 
elimination of the blank and the use of a more convenient method for 
determining the reducing sugars present after diastasis ; these improve- 
ments are embodied in the method described by Blish and Sandstedt 
(1933), in which the determination of maltose is based upon the ferri- 
cyanide method of Hagedorn and Jensen (1923). Optical methods for 
estimating flour saccharogenic power have also been published but do 
not appear to have been widely adopted. 

In direct determinations of gassing power by fermentation methods, 
several different techniques are employed for measuring the amount of 
gas produced, among which are those of Bailey and Johnson (1924), 
Markley and Bailey (1932), Heald (1932), Blish, Sandstedt, and Astle- 
ford (1932), Schultz and Kirby (1933), Elion (1933), Brabender 
(1934), and Landis (1934). Of these, the method of Bailey and 
Johnson (1924), the manometric method of Blish, Sandstedt, and 
Astleford (1932) as improved by Sandstedt and Blish (1934), and the 
Brabender fermentograph appear to be the most widely used, but little 
information is available as to the interrelationships between them, which 
makes it difficult for the chemist to interpret the values given by methods 
other than the one to which he is accustomed. 

While cereal chemists recognize that a positive correlation exists be- 


1 Published as paper No. 116 of the Associate Committee on Grain Research, National Research 
Council of Canada and Dominion Department of Agriculture. 
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tween diastatic activity and “ gassing power,” as determined by fer- 
mentation methods, there is some difference of opinion as to whether or 
not they can be used interchangeably for control purposes. Jg@rgensen 
(1931) considers that for practical purposes diastatic activity and gas- 
sing-power may be considered synonymous terms and this view is sup- 
ported by the close relation found between these variables by Larmour, 
Geddes, and Whiteside (1933), Davis and Worley (1934), and Graesser 
(1936). On the other hand, Blish, Sandstedt, and Astleford (1932) 
state that the two terms are not strictly interchangeable, since sucrose 
content is not measured in diastatic activity determinations of the Rum- 
sey type; these workers found that the sucrose content of flours varies 
considerably and this influences the degree of association between di- 
astatic activity and “ gassing power.” Moreover, in a recent and val- 
uable contribution, Landis and Frey (1936) have clearly emphasized 
other important differences ; diastatic activity determinations are carried 
out for one hour at constant pH with accumulation of end products, 
whereas in actual gas-production tests, the rate of diastasis increases 
with time, as a result of the increase in dough acidity and the removal 
of end products by fermentation. They point out that within certain 
limitations, diastasis in doughs is a logarithmic function of the time, 
while for normal fermentation times gas production is essentially a 
linear function; under these conditions an exact parallelism between 
diastatic activity and gas production could not be expected to exist. In 
this connection, the observations of Karacsonyi and Bailey (1930) are 
of interest; these authors found that over-grinding of flours increased 
the Rumsey autolytic diastatic value in inverse ratio to the initial 
diastatic activity but gas production was substantially unchanged. In 
their routine testing, the present authors have had occasion to conduct 
diastatic activity and gas production tests on several experimentally 
milled flours and while a general relation was found to exist, the degree 
of association did not appear to be sufficiently high to permit a satis- 
factory estimate of one from the other. 

The present study was undertaken primarily to compare the fer- 
mentograph, manometric, and Bailey and Johnson procedures for deter- 
mining flour gassing power, with a view to establishing the interrelation- 
ships between the results obtained by these methods and to determine 
their relative suitability for routine testing from the standpoint of ac- 
curacy, convenience, and simplicity. For the purpose of securing fur- 
ther information on the relation between diastatic value and gassing 
power, diastatic activity determinations were also made by the Blish and 
Sandstedt (1933) method. During the progress of this work it became 
evident that the degree of association -vas not sufficiently high to permit 
accurate prediction of “ gassing power” from such diastatic values and 
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the study was accordingly extended to include determinations by polari- 
metric and refractometric methods, since these are influenced in part by 
the total fermentable sugars initially present in the flour. 


Experimental 


For the purpose of this study a series of forty-nine flours covering a 
wide range in diastatic activity and gassing power was collected; of 
these, eleven were long patents (approximately 96%) experimentally 
milled from various grades of Western Canadian hard red spring wheat 
and the remainder were commercial hard red spring wheat flours of 
varying extraction, some of which were known to have been diastated. 

In order to eliminate any possibility of sampling and mixing errors 
entering into the comparisons of the various fermentation methods, a 
large batch of dough was made with each flour and duplicate quantities 
corresponding to 25, 10, and 200 g. flour were employed for simul- 
taneous gas production tests by the Bailey and Johnson, manometric,” 
and fermentograph procedures respectively. The flours were ran- 
domized, weighed out on a 13.5% moisture basis, and made into doughs 
with 3% yeast and sufficient distilled water to give a normal baking 
consistency. The ingredients were mixed in a Hobart laboratory mixer 
equipped with two dough hooks for 1.5 minutes at medium and 1.5 min- 
utes at high speed. In all cases, the doughs were fermented at 30° C. 
and the tests carried out for six hours. Readings were taken every 15 
minutes in the case of the Bailey and Johnson (1924) and Sandstedt and 
Blish (1934) manometric methods, while in the fermentograph pro- 
cedure, the doughs in the rubber balloons were punched hourly. This 
obviated the distension of the balloons beyond their normal capacity of 
1200 ce., since in no case did the hourly gas production exceed 900 cc. 
and the initial volume of the doughs was approximately 270 cc. While 
no temperature, or pressure corrections are necessary with the mano- 
metric and fermentograph procedures, the gas in the Bailey and Johnson 
method is measured in an inverted burette suspended in a tube contain- 
ing 23% NaCl solution at room temperature, and the readings were 
therefore corrected to 30° C. and 760 mm. pressure. 

Diastatic activity determinations were conducted in duplicate by the 
Blish and Sandstedt (1933) method during the time that the gas produc- 
tion tests were in progress. 


Statistical Studies 


In order to determine the relationships existing between the three 
gassing power methods, the respective mean values obtained for the 


_? The manometric tests were carried out in pressuremeters and manometers manufactured by the 
National Manufacturing Company, Lincoln, Nebraska. 
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individual samples over the entire six-hour period were submitted to 
statistical analyses; the results are recorded in Table I, together with 
those involving the diastatic activity data. The diastatic activity of the 
samples varied from 99 to 278 Rumsey units,’ with a mean of 195.6; 


TABLE I 
STATISTICAL CONSTANTS FOR GAS PRODUCTION AND Dtastatic ACTIVITY VALUES 
Constants for dif- 
Constants for means of duplicates | ferences between 
duplicates 
Range 
Mean Mean a. 
ation Min. Max. sation 
Gas production values (0 to 6 hr.) 
ailey-Johnson (a) cc. 299.4 | 63.60} 190.1} 432.1) 4.65] 4.45 
Manometric (+) mm. 372.2) 79.50} 232.0| 496.5| 9.20 7.97 
Fermentograph (c) cc. 1908.3 |466.60 |1102.5 |3030.0 |30.61 | 27.42 
Diastatic activity (d) mg. 195.6| 39.80} 99.0} 278.0} 2.65 2.48 


Simple correlation coe ffictents 


5% point 
Bailey-Johnson (a) X manometric (>) fas 0.994} 0.288 
Bailey-Johnson (a) X fermentograph (c) rac .992 .288 
Manometric (6) X fermentograph (c) ro. .990 .288 
Diastatic activity (d) X Bailey-Johnson (a) ria 751 .288 
Diastatic activity (d) manometric (4) rap 738 .288 
Diastatic activity (d) X fermentograph (c) rac 772 .288 


Regression equations and standard errors of prediction 


Standard 
Regression equation error of 

prediction 
Bailey-Johnson (a) on manometric (5) a= 2.67 + 0.797 6 6.8 cc. 
Bailey-Johnson (a) on fermentograph (c) a = 41.58 + 0.135 ¢ 8.3 cc. 
Manometric (6) on fermentograph (c) b = 50.56 + 0.169 ¢ 9.2 mm. 
Bailey-Johnson (a) on diastatic activity (d) a = 62.84 + 1.209 d 42.0 cc. 
Manometric (b) on diastatic activity (d) b = 58.1 + 0.369 d 53.7 mm. 
Fermentograph (c) on diastatic activity (d) c= 69.8 + 0.066d | 294.0 cc. 


the mean gas production values by the Bailey and Johnson, manometric, 
and fermentograph procedures were 299.4 cc., 372.2 mm., and 1908.3 
cc. respectively. 

From the standard deviations of the differences between duplicates, 
the minimum significant differences in gas production and diastatic ac- 
tivity for any two flours may be computed. Since the standard error of 


3 Rumsey units: i.e., milligrams maltose per 10 g. flour. 
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fermentograph values. 
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the mean of two determinations equals the standard error of a single 
determination divided by \/2, the standard error of the difference be- 
tween the means of two sets of duplicate determinations equals the 
standard error (S.E./\/2 X V2). Taking the level of significance as 
twice the standard error, differences of 8.9 cc., 15.9 mm., and 54.8 ce. 
between the mean values of any two flours for the Bailey and Johnson, 
manometric, and fermentograph values respectively would be significant. 
Similarly, any two flours would be differentiated in regard to diastatic 
activity if the means of duplicate determinations differed by 5.0 units ; 
this compares favourably with the value 7.5 recently reported by Geddes 
and Eva (1935) for the Blish and Sandstedt (1933) method. 

The correlations between the three pairs of gas production values 
are all of a high order and the results of any one method can be con- 
verted into those by any other procedure by means of the appropriate 
regression equations with a low standard error of prediction. These 
relations are represented graphically in Figures 1, 2, and 3. 
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Figure 3. Regression of manometric six-hour gas production values on corresponding 
fermentograph results. 


The correlations between diastatic activity and gassing power, while 
highly significant, are much lower than those between the three fer- 
mentation procedures, and the errors involved in estimating the six- 
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hour gas production values in terms of Bailey and Johnson, manometric, 
and fermentograph units from diastatic activity by means of the appro- 
priate regression equations are quite large. The relation between di- 
astatic activity and the Bailey and Johnson values is typical and is 
graphically represented in Figure 4. , 
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Figure 4. Regression of Bailey-Johnson six-hour gas production values on diastatic activity. 


In order to make direct comparisons between each of the fermenta- 
tion methods for measuring gassing power, the individual values for the 
manometric and fermentograph procedures were converted into Bailey 
and Johnson units by means of the appropriate regression equations and 
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the figures thus obtained, along with those for the latter method, sub- 
mitted to analyses of variance. The results are summarized in Table II. 


TABLE II 


COMPARISON OF S1x-HOUR GAS PRODUCTION VALUES EXPRESSED IN 
BAILEY-JOHNSON UNITS 


Analysis of variance 


Degrees 
of Fl F?2 


Variance due to: freedom Variance value 5% point value 5% point 


Bailey-Johnson method 


Between samples 48 8092.81 409.14 1.26 
Within samples 49 19.78 
Manometric method 
Between samples 48 8028.72 199.32 1.26 
Within samples 49 40.28 
Fermentograph 
Between samples 48 7946.17 578.74 1.26 
Within samples 49 13.73 
All methods 
Between samples 48 23938.85 371.55 1.28 
Between methods 2 .05 .0004 3.10 
Interaction, 
methods X samples 96 64.43 2.62 1.18 
Error 147 3615.87 
Differences 
between 
Constants for means of duplicates duplicates 
Method Mean Min. Max. S.D. Mean S.D. 
ce. ce. ce. ce. ce. ce. 
Bailey-Johnson 299.4 190.1 432.0 63.60 4.65 4.45 
Manometric 299.4 187.6 428.2 63.36 7.33 6.35 
Fermentograph 299.4 190.2 450.9 63.03 4.13 3.70 


1 Error variance used to test significance. : 
2 Interaction, methods X samples used to test significance. 


The “ between sample” variance depends upon the variability of the 
means of duplicate determinations, while that for “ within samples ”’ 
depends upon the differences between duplicates and, hence, is a measure 
of the experimental error ; the larger the variance between the means of 
duplicate determinations and the smaller the experimental error, the 
greater will be the differentiation between flours. The ratios between 
these two variances are expressed by the F values given in Table II. 
These are all highly significant and, while they are not directly com- 
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parable, they clearly indicate that the fermentograph gives the best, and 
the manometric the poorest, differentiation between flours. As the 
“between sample” variances for the three methods are of practically 
equal magnitude, the order of the F values is due to differences in the 
“ within sample ”’ or error variances, the square roots of which represent 
the standard deviations of the differences between duplicates. These 
are recorded at the foot of Table II and, in terms of Bailey and Johnson 
units, are 4.45, 6.35, and 3.70 cc. for the Bailey and Johnson, mano- 
metric, and fermentograph procedures respectively; these errors are 
significantly different and when converted to the original units of meas- 
urement by the appropriate regression equations, agree with those re- 
corded in Table I. It is quite logical that the experimental error of 
the manometric procedure should be the highest and that of the fer- 
mentograph the lowest when it is recalled that only 10 g. of flour are 
utilized in carrying out the former test and 200 g. in the latter. 

That the three fermentation methods yield essentially the same rela- 
tive results is shown by the variance analysis for the three procedures 
combined ; the mean values in terms of Bailey and Johnson units are 
virtually identical and, while the interaction of “ samples X methods ” 
is significant, this variance is not of a high order of magnitude. 

The above statistics are based entirely upon the total production of 
carbon dioxide in six hours and it is of importance to examine the 
statistics given in Table III for each successive hour. The quantity of 
gas produced is at a maximum during the second hour and markedly 
decreases after the third hour. The coefficients of variability show that 
there is relatively little differentiation in the gassing power of the flours 
in the first two hours, and that the maximum relative spread is attained 
during the fourth hour; the greatest absolute spread, however, is ex- 
hibited during the third hour. These mathematical relationships are 
illustrated graphically in Figure 5, in which the hourly mean gas pro- 
ductions of the individual flours, as determined by the Bailey and 
Johnson (1924) procedure, are plotted. 

In order to secure a measure of the importance of diastatic activity 
in relation to gas production at different stages in the fermentation, the 
simple correlations recorded in Table III were calculated between di- 
astatic activity and the gas production (Bailey and Johnson procedure ) 
during each successive hour. Diastatic activity is of very minor im- 
portance in relation to the quantity of gas produced during the first two 
hours; in this period fermentation obviously takes place chiefly at the 
expense of the fermentable sugars initially present in the flour, gas 
production is at a high level, and there is little differentiation between 
flours. As these sugars become fermented out, the rate of gas produc- 
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tion falls, diastatic activity becomes a more important factor, and the 
spread between the flours increases. It is of interest to note that the 
relation between gas production and diastatic activity is at a maximum 
for the third hour and that during this time the maximum variations in 
flour gassing power are also exhibited. As fermentation proceeds, the 


TABLE Iil 


GaAs PrRopUCTION VALUES FOR DIFFERENT TIME INTERVALS 


Statistical constants for means of duplicate determinations 


Ist 2nd 3rd 4th 5th 6th 0-6 
hour hour hour hour hour hour 


Method 


Means 


Bailey-Johnson cc. 57.3 94.3 77.9 30.6 21.6 17.6 299.4 

Manometric mm, 71.2 111.9 96.3 41.0 28.4 23.5 372.2 

Fermentograph cc. 281.2 621.1 566.2 203.4 129.7 106.6 1908.3 
Standard deviations 

Bailey-Johnson — ce. 8.48 9.30 25.70 15.54 8.65 7.10 63.60 

Manometric mm. 10.90 10.44 30.02 20.91 12.06 8.69 79.50 

Fermentograph — cc. 52.20 64.46 190.51 126.06 59.74 47.90 466.60 


Coefficients of variability 


Bailey-Johnson cc. 14.8 9.9 33.0 50.8 40.1 40.3 21.24 
Manometric mm. 15.3 9.3 31.2 51.0 42.5 37.0 21.36 
Fermentograph cc. 18.6 10.4 33.6 62.0 46.0 44.9 24.45 


Simple correlations between gas production and diastatic activity 


Bailey-Johnson 
(a) X dia- 
static activity 
(d) faa! .259 436 841 691 583 545 751 


Mean gas production for each hour as percentage of the total 


Mean gas production per hour 


Bailey-Johnson 19.2 31.5 26.0 10.2 7.2 5.9 100.0 

Manometric 19.1 30.1 25.9 11.0 7.6 6.3 100.0 

Fermentograph 14.7 32.6 29.7 10.7 6.8 5.5 100.0 
Total at end of each successive hour 

Bailey-Johnson 19.2 50.7 76.7 86.9 94.1 100.0 

Manometric 19.1 49.2 75.1 86.1 93.7 100.0 

Fermentograph 14.7 47.3 77.0 87.7 94.5 100.0 


1 Value of r at 5% point = 0.288. 


rate of gas production falls, the spread between flours tends to decrease, 
and the correlations between diastatic activity and gas production tend 
to be of lower magnitude. These trends are in line with the observa- 
tions of Larmour and Brockington (1934, 1934a) that, with prolonged 
fermentation, the rate of "CO, production drops to low values even 
though sucrose and diastatic malt are added in making up the doughs. 
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These workers pointed out that the mere provision of sugar, or the 
use of sufficient diastatic supplement to eliminate flour diastatic activity 
as a limiting factor, does not preclude the possibility of inadequate gas 
production occurring when doughs are fermented for several hours in 
fermentation tolerance studies; for this reason, stability toward fer- 
mentation cannot be considered a reliable index of flour strength. The 
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Figure 5. Graph showing the Bailey-Johnson gas production values of each flour for successive 

hourly intervals. 
trend towards lower rates of gas production, decreased spreads between 
flours, and lower correlations between gas production and diastatic ac- 
tivity during the fourth and fifth hours of fermentation suggest that fac- 
tors other than the fermentable sugar level, such as the accumulation of 
end products, may be exerting an important influence on yeast metabo- 
lism. 

In order to compare the rates of gas production for the Bailey and 
Johnson, manometric, and fermentograph procedures, the mean values 
for each hour were expressed as percentages of the corresponding totals. 
A study of these data, recorded in Table III and graphically represented 
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in Figure 6, shows that the rates of gas production by the Bailey and 
Johnson and manometric procedures closely parallel each other through- 
out the whole six-hour period. There is no evidence to indicate that the 
increasing pressure under which fermentation takes place in the mano- 
metric procedure appreciably influences the rate of gas production; in 
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Figure 6. Graph showing the parallelism between the rates of gas production for the Bailey- 
Johnson, manometric and fermentograph procedures. The points represent the total mean gas pro- 


— at the end of each successive hour, expressed as percentages of the corresponding six-hour 
values, 


fact this method shows the highest rate relative to the total during the 
last three hours. The fermentograph results do not parallel those of 
the other two methods quite as closely. Relatively, the proportion of 
the total gas produced during the first hour was somewhat lower, but 
this was followed by increased rates durng the second and third hour 
with the result that there is little difference between the accumulated 
totals for the three respective methods at the end of the third, fourth, 
and fifth hours. It may thus be concluded that the punching employed 
to expel the gas from the dough in the fermentograph procedure had 
little, if any, effect on the relation between the results given by the three 
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methods. This is in agreement with the work of Larmour and Brock- 
ington (1934), who have shown that punching doughs has a negligible 
influence on gas production. 


Polarimetric and Refractometric Methods for Estimating Diastatic 
Activity and Gas Production 


Although diastatic activity is usually determined by either gravi- 
metric or volumetric analyses of the maltose produced by autolysis in 
flour suspensions, Pelshenke (1931), Briggs (1933), and Gore (1933) 
have proposed polarimetric methods, while Molin (1934) has employed 
a refractometric method for indicating the amount of reducing sugars 
formed. In developing his polarimetric procedure, Gore (1933) found 
it necessary to conduct the autolysis at 37° C. in order to provide sub- 
stantial polarization increases in one hour and secure distinctive dif- 
ferences in the relative saccharogenic activity of different flours. In 
determining diastatic activity by this method, a blank or check deter- 
mination must obviously be conducted on a non-incubated flour extract 
in order to correct for polarization resulting from the sucrose reducing 
sugars present in the flour. Molin (1934) states that diastatic activity 
determinations may be made on the one hand to ascertain the action of 
the diastase during fermentation or, on the other hand, to determine its 
effect during the baking process; for the former, a determination of the 
maltose produced is most appropriate but for the latter the measure- 
ment should include the total products of hydrolysis. As he was chiefly 
interested in obtaining a measure of the diastatic activity during the 
baking process, Molin employed the relatively high temperature of 
62° C, for diastasis, and used the refractometer for measuring the sugar 
produced, a blank determination being made to correct for soluble sub- 
stances pre-existing in the flour. Recently, Munz and Bailey (1937) 
studied the effect of such variables as flour-water ratio, buffer salts, pH 
at elevated temperatures, flour grade, ash content, and temperature, with 
a view to determining the optimum conditions for incorporation in a 
standardized refractometric procedure. They found that flour-water 
ratios between 1 to 4 and 1 to 6 were best adapted to refractometric 
measurement of the autolytic hydrolysates and that optimum differentia- 
tion in flour diastatic activity was attained when the suspensions were 
incubated at 62° C. to 63° C. for 15 minutes; under these conditions, 
the relation between maltose content and refractive index was approxi- 
mately linear. Variations in flour ash content did not appreciably af- 
fect the n,, values. 

The correlations obtained in the present study between diastatic 
activity, as determined by the Blish and Sandstedt (1933) procedure, 
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and gas production in sugarless doughs, reveal that such diastatic values 
do not permit accurate estimates of flour gassing power, particularly in 
the very early stages of fermentation where gas production is mainly 
dependent on the initial sugar content of the flours. Since sucrose is 
non-reducing and is the principal sugar present in flours milled from 
sound wheat, the failure to secure a measure of its concentration in 
modifications of the Rumsey type procedure would appear to be in part 
responsible for the unsatisfactory magnitude of the correlations between 
(liastatic activity and gas production. Polarimetric or refractometric 
determinations on filtered extracts of autolyzed flour suspensions with- 
out correction for a blank would be influenced by the concentration of 
both the sucrose and reducing sugars present in the flour and, hence, 
might be expected to give a better index of the relative gassing power 
of different flours. Moreover, the technique would be considerably 
simplified if gravimetric or volumetric determinations of the reducing 
sugar content of the filtered extracts could be replaced by the reading 
of an optical instrument. 

In view of the data already accumulated on the flours, it was there- 
fore decided to extend the study to include polarimetric and refracto- 
metric determinations on filtered extracts of flour suspensions autolyzed 
and inactivated in the regular manner prescribed in the Blish and 
Sandstedt (1933) modification of the Rumsey procedure. In this pre- 
liminary study of the utility of the optical methods, it seemed advisable 
to correlate the results with the usual maltose values under the same 
conditions of diastasis. 

As several of the flours previously employed were of practically 
equal diastatic activity, thirty-three were selected which covered a wide 
range in saccharogenic activity. After diastasis in duplicate at 30° C. 
and inactivation in the usual manner, the suspensions were filtered, and 
the refractive indices and optical rotations determined in quadruplicate 
on portions of each extract. The refractometric readings were made at 
27° C. with a Zeiss immersion refractometer equipped with a prism, 
reading from —5 to 105, corresponding to indices of refraction of 
from 1.32539 to 1.36640, while the polarizations were made in a Hilger 
polarimeter at 27° C. using a 40 mm. tube, the light source being a 
Heilige electric sodium lamp. The data, without applying corrections 
for blank determinations, were submitted to statistical analyses, the 
results of which are recorded in Table IV. 

The polarimetric and refractometric values are positively correlated 
with the maltose values, as determined by ferricyanide titration but the 
degree of association between the three methods is not sufficiently high 
to permit accurate estimates of one from the others; for example, the 
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TABLE IV 


STATISTICAL CONSTANTS FOR Diastatic AcTIVITY VALUES DETERMINED BY THE 
‘*FERRICYANIDE,”’ POLARIMETRIC AND REFRACTOMETRIC PROCEDURES AND 
THE RELATIONS OF THESE TO GAS PRODUCTION 


Constants for means of replicates 


Standard 
Range error of 


Diastatic activity as determined by . . V. | single 
determi- 


Min. | Max. nation 


Ferricyanide (d) mgm. maltose 204.0 |118 |278 2.36 
Polarimetric scale reading (e) angular 

degrees (+) 0.56} 0.24) 1.16} 0. 0.03 
Refractometric scale reading (f) 18.62} 18.02} 19.36] 0. 0.08 


Simple correlation coefficients 


5% point 


Ferricyanide (d) X polarimetric (e) rae , 0.349 
Ferricyanide (d)  refractometric (f) ray 4 
Polarimetric (e) X refractometric (f) rey 349 
Gas production ! (a) X ferricyanide (d) rea 349 
Gas production ! (a) X polarimetric Trae 
Gas production ! (a) X refractometric (f) ray J 349 


Regression equations and standard errors of prediction 


Stand- 
ard 

Regression equation error of 

predic- 
tion 


Ferricyanide (d) on polarimetric (e) d= 120.66+ 149.16 e 15.6 
Ferricyanide (d) on refractometric (f) d= —1158.55+ 73.26f | 24.0 
Gas production (a) on ferricyanide method (d) | a= 26.90+ 1.4372 d| 36.73 
Gas production (a) on polarimetric method (e-) [a=  172.79+263.06e | 30.04 
Gas production (a) on refractometric method (f)| a= —2748.48+164.80f | 31.18 


' The six-hour gas production values as determined by the Bailey-Johnson ~gy were employed. 
The correlations for the gas produced during each successive hour are given 


ist 2nd | 3rd | 4th | Sth | 6th 
hour | hour | hour | hour | hour | hour 


Polarimetric method r,. 0.331 |.453 |.791 |.926 |.857 | .794 
Refractometric method ray 601 |.670 |.773 |.778 |.691 | .691 


Value of r at 5°% point = .349 


errors of predicting Rumsey maltose units from the polarimetric and 
refractometric values are 15.6 and 24.0 mg. maltose respectively. A 
close relationship between the optical and maltose values would not be 
expected, since the former are influenced in part by factors other than 
the concentration of reducing sugars after diastasis. Of greater in- 
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terest, however, are the relationships between the three measures of 
diastatic activity and flour gassing power; the correlations between the 
six-hour Bailey and Johnson gas production readings and the polari- 
metric, refractometric, and maltose values are .867, .855, and .792 
respectively. 

While the differences between these are not statistically significant, 
the results suggest that, in a more extended series employing more 
suitable conditions of diastasis, both optical methods might prove to 
be superior to the direct determination of reducing sugars for the pur- 
pose of estimating gassing power. It is of interest to note that the 
degree of association between the refractometric values and gas produc- 
tion is quite uniform throughout the course of the fermentation. The 
low correlations between the polarimetric readings and gas production 
during the first and second hours of the fermentation with a definite 
trend towards higher subsequent values is probably due to the low 
specific rotation of sucrose as compared with maltose. 


Relation Between Diastatic Activity, Critical Time and 
Gas Production 


Examination of a gas production curve reveals that the maximum 
rate is not attained until some time after mixing; there is a gradual ac- 
celeration in rate until a maximum is reached which is essentially main- 
tained for a variable length of time followed by a pronounced drop. 
When the break in the curve occurs, the concentration of fermentable 
sugars has been reduced to a critical level and one would expect that, 
thereafter, the rate of fermentation would be conditioned by the sac- 
charogenic activity, although it has been shown that with extended 
fermentation the rate of gas production in flours of varying diastatic 
activity falls to a relatively low and uniform level. This is shown 
graphically in Figure 5 and indicated by the trend in the correlations 
between diastatic activity and gas production for different periods during 
the fermentation, although this phenomenon is more pronounced when 
the fermentation times are longer than those employed in this study. 
Under corresponding conditions in regard to yeast and dough tempera- 
ture, the time interval between mixing and the critical point in sugarless 
doughs will be a function of the original sugar content of the flour and 
the diastatic activity. It is therefore of interest to determine and com- 
pare the relationships between the three measures of diastatic activity 
and this time, as read off from the fermentograph curves and to com- 
pute the degree of association between diastatic activity and gas produc- 
tion at definite intervals before and after the critical time. The former 
computations could only be made for the thirty-three flours used in the 
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TABLE V 


STATISTICAL CONSTANTS INVOLVING CRITICAL TIME, DiAsTATIC ACTIVITY AND 
GaAs PRODUCTION 


Constants for means of duplicates 
Mean Min. Max. 


Critical time (g) min. 165.8 117.5 213.8 
Maltose value (d) mgm. 204.0 118.0 278.0 
Polarimetric scale reading (e) 

angular degrees (+) 0.56 .24 1.16 
Refractometric scale reading (f) 18.62 18.02 19.36 


Simple correlation coefficients 


Critical time and diastatic activity measures r % point 


Critical time (g) * maltose value (d) ra, .879 .349 
Critical time (g) polarimetric scale reading (e) .349 
Critical time (g) X refractometric scale reading (f )rz, 711 .349 


Diastatic activity (Rumsey units) and gas production during various intervals before 
and after critical time 


Correlation between gas production 
and maltose value 


Before After 
Gas production interval measured critical critical 
from critical time time 5°) point 


minutes 


555 


Regression equations and standard errors of prediction for critical time and diastatic 
activity measures 


Standard 
error of 
pre- 
Regression of: Regression equation diction 


Critical time (g) on maltose value (d) g= 543+ .547d 10.8 
Critical time (g) on polarimetric scale reading (¢) g= 117.0—87.07 e 12.3 
Critical time (g) on refractometric scale reading (f) g=—708.6+46.96 f 15.7 


investigation of the utility of the polarimetric and refractometric meth- 
ods but for the latter the entire series of forty-nine flours was employed. 
From the statistical constants summarized in Table V, it will be noted 
that the critical time for the thirty-three flours varied from approxi- 
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mately 118 to 214 minutes, and the Rumsey maltose values from 118 
to 278 units. The three measures of diastatic activity are quite highly 
correlated with critical time. The correlations do not differ significantly 
and permit the estimation of the critical time with an error ranging 
from 11 to 16 minutes. 

The relations between maltose value and gas production during 
various intervals measured from the critical time indicate quite clearly 
that the rate of gas production after the critical time is not closely 
associated with maltose values based on the customary conditions of 
diastasis. The highest relation between these variables is obtained for 
the 30-minute period just prior to the critical time; as would be ex- 
pected, the correlations tend to be lower for the 30 to 60, and 60 to 90 
minute intervals preceding the critical time. 


Discussion 


The primary purpose of this study was to compare the utility of the 
fermentograph, manometric, and Bailey and Johnson procedures for 
determining flour gassing power and to establish conversion equations 
expressing the interrelationships between the three sets of values. The 
close relative agreement between the results given by these methods on 
flours of varying diastatic activity implies that there is little to choose 
between them from the standpoint of utility and that the adoption of a 
particular method may be based on such considerations as relative ac- 
curacy, simplicity, cost of apparatus, and convenience in operation. 

The Brabender fermentograph has the lowest experimental error 
and automatically records the course of the fermentation; for these rea- 
sons it would seem to have its greatest utility in mill and bakery control 
laboratories where accurate standardization of gassing power and readily 
interpretable records are required. The readings are not influenced by 
variations in atmospheric pressure and, providing the water in the 
thermostat is maintained at a uniform level, consistent results are readily 
obtained from day to day. In view of the large flour sample required, 
this method is not well adapted for use in wheat testing, as the quantity 
of material available is often limited. Punching of the doughs has a 
negligible effect on gas production, and the necessity of carrying out 
this operation at hourly intervals to avoid stretching of the rubber 
balloons is a disadvantage. Some experience is needed in order to carry 
out this operation without causing the exhaust tap to become plugged 
with dough; the washing of the balloons is also more troublesome than 
cleaning the Bailey and Johnson or the manometric apparatus. 

From the standpoint of cost, compactness, size of sample required, 
simplicity and convenience of operation, the manometric method is 
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unique. Since the readings are based on differences between the atmos- 
pheric pressure and that within the dough container, atmospheric pres- 
sure is without influence on the consistency of the results from day to 
day and only becomes a factor should the pressure change during the 
course of a test. There is no evidence that the rate of fermentation is 
significantly influenced by the variable and high pressures within the 
dough-container—an observation which is in agreement with recent find- 
ings of Sandstedt and Blish (1936) on this point. The experimental 
error, however, of the manometric method is the greatest, although all 
the procedures may be considered quite satisfactory from the standpoint 
of replicability. It would appear to be a fairly simple matter to adapt 
the manometric equipment for automatic recording and, if this could be 
done without excessive cost, it would add considerably to its utility. 

The Bailey and Johnson method approaches the fermentograph in 
precision and is readily adapted to operation in large units. As an in- 
stance of this, the equipment * employed in the present study permits 
the conducting of twenty tests simultaneously. This set-up obviates the 
use of stands or clamps of any kind. <A disadvantage of the method is 
that it requires practically the constant attention of an operator as, while 
the readings are made at definite time intervals, it is necessary to empty 
the burettes the instant they reach the 100 cc. mark, but this is largely 
offset when a large number of tests are being conducted. Probably the 
weakest feature is the measurement of the gas at room temperature and 
pressure, necessitating corrections for variations in these factors. 

The relations found between gas production in sugarless doughs and 
saccharogenic activity, as measured by the customary maltose values, 
indicate quite clearly that flour gassing power and diastatic activity as 
now determined cannot be regarded as strictly interchangeable terms. 
The degree of association varies at different stages in the course of the 
fermentation, being at a maximum for a short period immediately pre- 
ceding the critical point, and as an accurate indication of the behaviour 
of a flour under any particular conditions of fermentation, Rumsey 
maltose values leave much to be desired. 

The relatively low correlation between maltose value and the gas 
produced subsequent to the critical time suggest that factors other than 
the fermentable sugar level are influencing the rate of gas production, 


* The apparatus consists of a large water-bath which is electrically heated, thermostatically con- 
trolled, equi ped with a stirring device and fitted with supports for ten levelling tubes on each side of 
the bath. tT ese tubes are fixed in position and pressure equalization is accomplished by raising or 
lowering the inverted burettes; this is facilitated by suspending the burettes from light strong cords 
running over fixed pulleys with a counter-weight attached to the other end. The supporting frame 
for the pulleys is an integral part of the bath construction. The doughs are contained in stout glass 
beakers made by cutting the tops off 250 cc. wide mouth bottles; these are placed in one-pint Mason 
jars fitted with special meta! tops which conform in general design to the usual glass top but are pro- 
vided with an outlet tube for the gas and a central projection of % inch diameter brass rod into which 
a deep groove %i« inch wide has been machined. These slip into slots in a stout brass strip running 
the entire length of the bath and serve as a convenient means for submerging the jars and keeping 
them in position. 


é 
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or that the diastases are not carried out under conditions which give a 
true measure of saccharogenic activity. All flours contain greater or 
lesser amounts of dextrins and ruptured starch grains which are more 
readily converted by the flour diastase than the unruptured grains. It 
may be that the maltose values determined under the present conditions 
of diastasis are conditioned largely by the quantity of such diastatically 
susceptible hexosans and thus they fail to give an adequate measure of 
the true saccharogenic activity of the flour as a whole.’ Sandstedt 
(1934) has presented data showing that when the diastasis of flour sus- 
pensions is carried out for four hours, the maltose values give a reliable 
index of the actual gas production in sugarless doughs fermented with 
3% yeast, for the same time. It therefore appears that increasing the 
time or temperature of diastasis would give diastatic values which would 
be a truer index of the ability of a flour to support gas production after 
the critical period. 

Variations in the characteristics of yeasts available in different coun- 
tries might conceivably create difficulties in the development of a stand- 
ardized gas production test which would permit universal interpretation 
of the results. Sandstedt and Blish (1934) have shown that yeast 
variability due to differences in age or type is an important factor in 
manometric gassing power tests when the ratio of flour to yeast is small, 
although these factors were relatively insignificant when 3% yeast was 
employed. From the standpoint of a universal test, the diastatic ac- 
tivity determination would appear to be superior but the present study 
indicates that it would be essential to employ a procedure which will 
give a more accurate index of gas producing ability during the later 
stages of fermentation than the present method. 


Summary 


Forty-nine wheat flours varying in diastatic activity from 99 to 278 
Rumsey units, as determined by the Blish and Sandstedt “ ferricyanide ” 
procedure, were employed in a comparative study of three fermentation 
methods for measuring gassing power, the volumetric method of Bailey 
and Johnson, the improved manometric method of Sandstedt and Blish, 
and the Brabender fermentograph. 

The results given by the three procedures on sugarless doughs were 
found to be in close relative agreement and the values for any one 
method may be expressed in terms of another with a low standard error 
of prediction. The Brabender fermentograph gave the lowest experi- 
mental error and the manometric procedure the highest, although the 


5 Since the presentation of this paper at the Dallas Convention, one by Sandstedt, Blish, Mecham, 
and Bode (Identification and measurement of factors governing diastasis in wheat flour. Cereal Chem. 
14: 17-34 (1937)) has appeared, in which similar views are expressed. 
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precision of all the methods was considered satisfactory. The adoption 
of any particular method may be based largely on such considerations as 
quantity of experimental material available, cost of apparatus, compact- 
ness, simplicity and convenience of operation. The advantages and dis-, 
advantages of each procedure are discussed. 

The correlations between diastatic activity and flour gassing power, 
while highly significant, were not sufliciently high to permit satisfactory 
prediction of the six-hour gas production from the Rumsey maltose 
values. The relation between diastatic activity and gas production was 
at a maximum during the third hour, at which period the greatest differ- 
entiation in gas production was also exhibited. 

Polarimetric and refractometric determinations were made on ex- 
tracts of thirty-three of the flours autolyzed and inactivated in the cus- 
tomary manner and the readings, without correction for the blanks, cor- 
related with the regular Rumsey maltose values and with gas produc- 
tion. While the correlations between the two optical methods and gas 
production were not significantly higher than that involving maltose 
value, the results suggested that in a more extended series employing 
more suitable conditions of diastasis, the optical methods might prove to 
be superior to the direct determination of reducing sugars for the pur- 
pose of estimating flour gassing power. 

The three measures of diastatic activity were found to be quite 
highly correlated with the critical time (the time from the commence- 
ment of fermentation to the interval where a distinct break in the gas 
production curve occurred) and permit its estimation with an error 
ranging from 11 to 16 minutes. 

The relations between maltose value and gas production during 
various intervals measured from the critical time indicate quite clearly 
that the rate of gas production after the critical time is not closely as- 
sociated with maltose values based on the customary conditions of 
diastasis. The highest relation between these variables was obtained 
for the 30-minute period just prior to the critical time. These results 
suggest that the maltose values determined under the present conditions 
of diastasis are conditioned largely by the quantity of the more dia- 
statically susceptible hexosans present and that a truer index of the 
saccharogenic activity of the flour as a whole might be obtained by in- 
creasing the temperature or time of diastasis. The desirability of de- 
veloping a measure of diastatic activity which will give a more accurate 
estimate of gas producing ability during the later stages of fermentation 
is indicated. 
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THE EFFECT OF DIFFERENT TYPES OF SHORTENING 
ON WHITE PAN BREAD' 


W. L. 


Kansas Flour Mills Corporation, Kansas City, Missouri 
(Read at the Annual Meeting, June 1936) 


Introduction 


The activity of this year’s methods committee has changed somewhat 
from that of former committees in that an attempt was made to study 
the effect of ingredients other than flour used in baking on baking 
quality. All mill chemists know that flour is the one ingredient that is 
blamed for all failures in the bakeshop. It seems a wise move on the 
part of the committee to attempt to acquaint the members with the 
effects of other ingredients in the dough batch. In searching the litera- 
ture for data on the effect of different types of shortening on white pan 
bread, surprisingly little was found. Crreat CHEMISTRY carries but 
one brief reference (Merritt, Blish, and Sandstedt, 1932)—*“5 ce. 
melted shortening in the regular basic procedure very materially in- 
creased the volume on all 15 flours used during the series of tests.” 
Siebel Technical Review (1930) gives 1.5% as the minimum amount of 
shortening used and 5% as the maximum amount used, but no data are 
given as to the effect of increasing percentages on the quality of bread. 
Some data were obtained also from the proceedings of the American 
Society of Bakery Engineers. In view of the lack of published data 
on the subject, it was necessary to do some rather fundamental work in 
order to establish a starting point. 


Experimental 


The first problem was to select a formula, either the official A. A. 
C. C. or a commercial formula. It was finally decided to use a semi- 
commercial formula, and a pan slightly smaller than a commercial pan, 
of the following dimensions: top, 31%", bottom 644" 2%4”, 
depth, 2144”. The reason for using this smaller pan was so that we 
could use our Freas baking oven with automatic temperature control 
which is used in connection with our routine tests. The formula used 
was as follows: 


1 Subcommittee report of the 1935-36 Committee on the Standard Experimental Baking Test. 
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Absorption (variable) 
Sugar 

Milk (dry skimmilk) 
Salt 


Yeast 

Shortening (variable) 
Malt syrup (diastatic) 
Arkady 


The flours used in the investigation are described in Table I. 


TABLE I 


ANALYSIS OF FLouRS USED 


Maltose CO, Fer- 
from per menta- 
10 g. 100 g. tion 
Grade of flour Moisture Ash Protein of flour’ of flour time 


% % Hours 
Southwest Straight 13.50 0.43 ‘ 1422 
Southwest Patent 13.50 40 J 1462 
Northwest Straight 13.50 48 : 1527 
Northwest Patent 13.50 43 ’ 1429 


Procedure 


Each dough was accurately scaled out of the mixer to 415 g. A pre- 
determined fermentation time (with no punches) was used for all of the 
flours. At the end of the fermentation period the doughs were again 
scaled to determine the fermentation loss. Each dough was scaled to 
360 g. at pan time. <A proof of 55 minutes was given in each instance. 
The bread was baked for 30 minutes in a Freas baking oven at a tem- 
perature of 220° C. After 30 minutes from the oven the loaf was 
again scaled to determine the baking loss. 


Keeping Quality Studies 


It was thought advisable to attempt to determine the keeping quality 
of the finished loaf of bread. It was agreed that a measurement of the 
rate of staling was the best method of attacking the problem. Two 
methods were tried—the Katz method and procedure as outlined in 
Cereal Laboratory Methods (1935) wherein the time necessary to make 
a determination was found to be rather long and laborious, and the 
method sponsored by Platt (1930) who describes an apparatus for 
studying the staling of bread. An apparatus was constructed very 
similar to the one described by Platt, and compressibility tests were 
made on the bread at 24, 36, and 72 hour intervals. Considerable 
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Flour 254 sg. 100% 
62 % 
10.15 g. 4.2 % 
11.6 g. 4.57% 
4.35 g. 1.71% 
5.07 g. 2.0 % 
1.27 g. 3 % 
.64 g. 
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trouble was experienced in getting accurate checks. Due to the hand 
molding of the loaves the grain and texture of crumb varied consider- 
ably. The Platt method therefore was abandoned in favor of the Katz 
method. Through the courtesy of the shortening manufacturing com- 
panies, shortenings which were believed to be representative of those on 
the market at the present time, were obtained. These have been classi- 
fied into three groups: (1) animal fats, (2) vegetable fats, and (3) 
compounds of animal and vegetable fats. 


TABLE II 
ANALYTICAL CONSTANTS OF THE VARIOUS SHORTENINGS ! 


Free fatty Soften- 
acids Melting ing lodine Smoke 
Class (as oleic) point number point 


Animal fat 0.26 ; 345 
Animal fat .24 : 345 
Animal fat 42 ! 325 
Animal fat 44 : 350 
Compounds 410 
Compounds 440-450 (H) 
Vegetable fat j 108-110 450-460 (H) 
Vegetable fat 105 420- (H) 
Vegetable fat 02 103 t 440- (H) 
Vegetable fat .035 110 ; 435-— (H) 
Vegetable fat .020-.028 400-425 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


1 
1 


! As furnished by the manufacturers. 


Discussion of Results 


Due to lack of time it was impossible to bake all four of the flours 
with all of the shortenings. Accordingly, one flour was selected—a 
Southwestern straight, and baked in duplicate using each of the shorten- 
ings. The averages of the duplicate bakings are shown in Tables III, 
IV, and V. The other three flours described in Table I were baked in 
duplicate, with 4% and 12% of a shortening representative of each class. 
The staling tests were run also in duplicate and the average results 
taken. When planning the tests at the start of the work it was thought 
that it might be possible to find some differences in fermentation and 
baking losses (Table VI) especially when using the larger amounts of 
shortening. Fermentation loss does not seem tq be affected at all. The 
baking loss varied somewhat especially in those tests where 12% of ani- 
mal fats and compounds were used. With the vegetable fats the losses 
were not significantly different. (See Table VI.) It was surprising to 
note that shortening did not prolong the keeping quality of the bread as 
determined by the Katz test. 


Short- 

ening 

num- 

ber 
|| 
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TABLE III 
RESULTS OF BAKING Tests UsinG ANIMAL Fats! 


Amount 
Short- of Staling? 
ening short- 3 Fermen- 
num- ening tation Baking Volume 24 48 
ber used loss loss of loaf hours hours 


32.0 
32.0 
33.0 
33.0 


2252222222: 


= 


== 


10 
12 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
+ 
4 
4 
4 
4 
4 


eee eee 


minutes from oven, 48 cc. 

The volume of the loaves was taken 30 minutes out of the oven, 
using an accurately calibrated seed displacement apparatus. The great- 
est difference between the standard bake without shortening and the 
bakes with different percentages of shortening was observed at this point. 

It is somewhat surprising to note that the compounds and the vege- 
table fats increased loaf volume considerably more than did the animal 
fats. Externally there was very little difference in the character of the 
finished loaves with any of the classes of shortening used. The small- 
est amounts of shortening used with all classes of shortening were suffi- 
cient to smooth up the fill-in. Using from 2 to 6% of shortening the 


4 
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hours 

2 
4 
4 
4 ] 
4 
6 ‘ 
10 S. 
12 S. 
12 4 Pat. 1 12.1 1410 
12 NEM. Str. 1 13.4 1540 
12 NEM. Pat. 1 13.1 1500 
2 S.B. Str. 1 13.6 1470 
4 S.B. Str. 1 13.6 1490 
6 S.B. Str. 1 12.9 1440 
8 Str. 12.5 1430 
10 Str. 1 12.7 1470 
12 Si. Str. 1 13.1 1460 
2 S.BB. Str. 1 13.3 1420 
4 S.H. Str. 1 13.7 1450 
6 oi Str. 1 13.1 1480 
8 S.H. Str. 1 13.4 1440 
10 S.. Str. 1 12.4 1490 
12 S.BB. Str. 1 12.4 1410 
2 S.. Str. 1 13.7 1490 
4 S.. Str. 1 13.8 1440 
6 S.BB. Str. 1 13.2 1510 
8 S.BB. Str. 1 13.6 1500 
| S.W. Str. 1 13.4 1480 

S.W. Str. 1 13.2 1470 
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TABLE IV 


ReEsuLTS OF BAKING Tests UsinG Compounps ! 


Amount 
Short- of Staling? 
ening short- Grade Fermen- 
i of tation Baking Volume 24 48 
flour loss loss ofloaf hours hours 
% Ce. 
12.9 1398 
13.2 1520 
13.5 1485 
13.3 1475 
13.3 1480 
12.6 1520 
13.8 1595 
13.6 
13.1 
14.5 
13.9 
13.9 
13.2 
13.0 
12.8 
12.6 
13.4 
13.9 


1Fresh bread 30 minutes from oven, 48 cc. 
2 Katz method. 


fill-in was very smooth. When 8 to 12% of shortening was used the 
crust of the loaves were very smooth but there was a slight tendency to 
cap. The shortening aroma was slightly evident when using animal fats 
above 4%, but not quite so evident when using compounds and vegetable 
fats until larger amounts were used. The aroma of the one vegetable 
oil used was very evident when used above 4%. Internally the grain 
and texture of the bread was best when using animal fats and poorest 
when using the compounds. 

Due to the amount of preliminary work necessary, gas analysis tests 
on all of the shortenings were impossible. However, time was found 
for the preparation of total gas and retention curves when using one 
animal fat (see Figure 1). 


Summary 


From the very limited number of bakings made it was concluded 
that regardless of class of shortening fermentation loss was affected 
very little. Baking losses vary somewhat, being less when using the 
larger amounts of animal fats and compounds. Very little effect on 
baking loss was found when using vegetable fats. Accordingly, by the 
method used, shortening does not retard staling, and therefore does not 
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72 
‘ hours 

33.0 
33.0 
34.0 
32.0 
30.0 
31.0 


DIFFERENT TYPES OF SHORTENING 


TABLE V 


RESULTS OF BAKING TEsTS USING VEGETABLE FATS 


Amount 
Short- of Staling! 
ening short- Grade Fermen- 
num- ening of tation Baking Volume 24 48 72 
ber used flour loss loss ofloaf hours hours hours 


% 
14.2 
14.1 
14.5 
14.2 
14.3 
14.0 
13.6 
14.2 
13.8 
14.2 
15.0 
14.2 
14.2 
13.6 
14.0 
13.4 
13.3 
14.6 
13.6 
13.0 
13.4 
13.1 
13.0 
13.3 
14.6 
14.0 
14.4 
13.6 
13.1 
13.2 
13.1 
13.0 
13.7 
13.7 
14.0 
13.0 
13.0 
13.0 
13.3 
13.2 
13.9 
13.8 


7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 


(SESS 


DD DDL 


method. 


contribute to the keeping quality of the loaf. All classes of shortenings 
used in the smaller amounts increased the volume of the loaf. As a 
class the animal fats increased the volume the least, the compounds the 
most, with the vegetable fats a very close second. Grain and texture of 
crumb was best over the whole range of percentages used with the ani- 
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Ce. 
Str. 1 1540 
Str. 1 1550 
Str. 1 1580 
Str. 1 1580 
1 Str. 1 1540 
1 Str. 1 1570 
. Str. 1 1550 34.0 34.0 32.0 
Str. | 1590 33.0 33.0 30.0 
| Pat. 1 1490 
1705 
1640 
1540 33.0 30.0 31.0 
1570 32.0 30.0 30.0 
10 1510 33.0 30.5 30.0 
12 1500 34.0 30.0 30.0 
12 1410 
12 1650 
12 1500 
2 1490 
4 1520 
6 1510 
8 1500 
10 1550 
12 1540 
10 2 1515 
10 4 1540 
10 6 1520 
10 8 1490 
10 10 1505 
10 12 1550 
11 2 1470 
1 4 1460 
1 4 1460 
1 4 1660 
1 4 1580 
1 6 1440 
1 8 1520 
1 10 1530 
1 12 1520 
1 12 1500 
1 12 1690 
1 12 1560 
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mal fats. Where the lower percentages of shortenings were used there 
was no appreciable difference between all classes of shortening. 

From the gas analysis curves it can be seen that shortening does not 
affect the total amount of gas produced. It does, however, lower the 


TABLE VI 


AVERAGES OF FERMENTATION Loss—BAKING Loss STALING TEST AND VOLUME 
USING ONLY THE SOUTHWEST STRAIGHT FLOUR 
(TaBLeEs III, IV, V) 


Amount Staling! 

of Fermen- 
shortening tation Baking Volume 24 48 72 

used loss loss of loaf hours hours hours 


% Ce. 
Animal fats 


1409 
1450 
1455 
1470 
1452 
1465 
1441 


Compounds 


1496 
1545 
1522 
1497 
1520 
1535 


2 
4 
6 
8 
0 
2 


Vegetable fats 


1513 
1532 
1518 
1533 
1 ‘ 1527 
1 ‘ 1533 


Katz method. 


height of the gas retention curve, thus, somewhat substantiating the 
supposition that shortening acts as a lubricant between the gluten strands 
and enables the properly fermented dough to expand more easily in the 
oven, thus producing a better fill-in, volume, grain and texture than the 
loaf without shortening. From our average results using all classes of 
shortenings, the maximum reaction to all four flours with the exception 
of the Northwestern straight was obtained using 4% of shortening. 
Further additions of shortening in some cases increased loaf volume 


Oo 
0 1.3 13.3 33.0 32.0 32.0 
2 1.4 13.6 34.0 34.0 32.0 
4 1.3 13.6 34.0 33.0 31.0 
6 1.2 13.0 33.0 30.0 31.0 
& 1.3 13.4 32.0 30.0 30.0 
10 1.2 13.1 32.0 31.0 30.0 
12 1.2 12.8 31.0 30.0 31.0 
1.3 13.4 33.5 32.0 33.0 
1.5 13.4 36.0 33.0 33.0 
1.1 13.7 33.0 32.0 34.0 
1.5 13.3 32.0 33.0 32.0 
1 £2 13.2 33.0 32.5 30.0 
] 1.2 12.7 33.0 34.0 31.0 
34.0 34.0 32.0 
33.0 33.0 30.0 
33.0 30.0 31.0 
32.0 30.0 30.0 
33.0 30.5 30.0 
34.0 30.0 30.0 
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slightly more than did the 4%. However, the grain and texture on 
these occasions were impaired. 
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AN EXPLANATION OF THE EFFECT OF HEAT 
TREATMENT ON WHEAT GERM 


B. SuLLIVAN, Howe, and FrRepERICK SCHMALZ 


Russell Miller Milling Laboratory, Minneapolis, Minnesota 


(Received for publication March 1, 1937) 


In a previous article from this laboratory (Sullivan, Howe, and 
Schmalz, 1936), evidence was given that the presence of glutathione 
was largely responsible for the deleterious action of wheat germ on the 
baking quality of flour. 

Heat treatment, under proper conditions, is known to improve the 
effect of wheat germ itself on baking quality and of the baking quality 
of low grade flour streams containing germ (Kent-Jones, 1926, 1927, 
and 1928), (Berliner and Ruter, 1928), (Geddes, 1929, 1930, and 
1930a). <A certain critical temperature and moisture level in the flour 
are necessary to bring about this improvement. 

Previous investigators have not been in accord regarding the reason 
for the improvement in the baking quality of flour due to heat treatment. 
They are generally agreed, however, that heating causes a modification 
in the colloidal characteristics of the proteins. It has also been sug- 
gested that oxidation of the phosphatides is responsible for the improve- 
ment. No entirely satisfactory explanation of the beneficial effect of 
heat treatment has been offered. The fundamental reason for this 
change is, therefore, of great theoretical and practical interest. 

As a result of our work, we believe that the improvement in baking 
quality of flour as the result of correct heat treatment is due, in part at 
least, to auto-oxidation of the glutathione present in the flour. Gluta- 
thione is an activator of the proteolytic enzymes of wheat. When gluta- 
thione is oxidized, the influence of the proteolytic enzymes is consid- 
erably diminished and this, in turn, results in a modification of the col- 
loidal characteristics of the dough. Thus a soft, sticky dough made 
from flour to which germ has been added may be changed to a firm, 
elastic dough by heat treatment of the germ. Since low grade flour 
streams contain more germ, they show a greater response to heat treat- 
ment than patent or straight grade flours. 
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Experimental 


The flour used for our standard was a straight grade milled from 
Marquis wheat. It had excellent baking properties. The loaf volume 
of this flour when baked without treatment was taken as 100%. 

The water extract made from 30 g. of germ had a positive nitro- 
prusside reaction. When added to the standard flour, the resulting 
dough quality was very poor, very soft, and sticky. The loaf volume 
was 75% of the standard and the texture of the loaf was very poor. 
When a water solution containing 60 mg. of glutathione prepared from 
wheat germ was added to the flour, the same bad effect was observed in 
baking. A very soft, sticky dough, as well as a loaf of bread of very 
poor texture with a volume 79% of the standard resulted. Curve 1 in 
Figure 1 illustrates the characteristics of the standard flour as meas- 
ured by the farinograph; curve 2 illustrates the quality of the flour to 
which was added the water extract from 30 g. of germ, and curve 3 
records the action of the same flour to which was added 60 mg. of 
glutathione prepared from wheat germ. 

A portion of the same lot of wheat germ, containing 14.0% moisture, 
was divided into equal quantities, one part was placed in an unstoppered 
container and the other part in a tightly stoppered container. Both 
samples of germ were heated at 80° C. The water extract from 30 g. 
of germ heated in the unstoppered flask showed a positive nitroprusside 
reaction. When added to the standard flour a very soft, sticky dough, 
and a loaf of bread of poor texture having 78% of the standard volume 
resulted. The water extract made from 30 g. of the same wheat germ 
heated in the stoppered flask gave a negative nitroprusside test and, 
when added to the flour, no deleterious effects were noted as the loaf 
volume was 99% of the standard and the texture was good. 

When a relatively normal moisture content is maintained at the tem- 
peratures and times commonly used for heat treatment, conditions are 
favorable for the auto-oxidation of glutathione. In order to verify this 
assumption, 60 mg. of pure glutathione (British Drug Houses) was 
dissolved in 1 to 2 cc. of water and added to’ 30 g. of germ. The con- 
tainer was then stoppered and heated at 80° C. The nitroprusside test 
was negative and the water extract of this germ gave identical results 
with the stoppered, heat-treated germ to which no glutathione had been 
added. Just as the glutathione originally present in germ will auto- 
oxidize when conditions of moisture and temperature are favorable, so 
does glutathione auto-oxidize when added artificially. Curve 4 in Fig- 
ure 1 illustrates the behavior of the water extract of a sample of wheat 
germ which had been heated in an unstoppered container at 80° C., 
while curve 5 illustrates the effect of the water extract of germ 
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heated in a stoppered flask where the moisture was maintained at a 
higher level. Curve 6 illustrates the action of a water extract of germ 
to which glutathione was added before heating in a stoppered container. 
Curves 5 and 6 indicate a decided improvement in dough quality when 
compared with curves 2 and 3. Additional data relating to these studies 
are recorded in Table I. Curve 7 illustrates the action of the water 


TABLE I 
Errect oF HEAT TREATMENT ON GLU1 \THIONE 
Nitro- 
prusside 
Sample Treatment test of Dough quality Volume Texture 
t 
extract 
Standard — — Strong 100% | Very good 
flour Elastic 
Standard | Water extract of 30 g. of | Positive | Very poor 75°% | Very poor 
flour germ Very soft 
Sticky 
Standard | Water extract of 60 mg. | Positive | Very poor 79% | Very poor 
flour glutathione from wheat Very soft 
germ Sticky 
Standard | Water extract of 30 g. Positive | Very poor 78% | Poor 
flour germ. (Germ heated in Very soft 
unstoppered container Sticky 
at 80° C.) 
Standard | Water extract of 30 g. Negative} Good 99°, | Good plus 
flour germ. (Germ heated in Elastic 
container at Slightly soft 
80 .) 
Standard | Water extract of 30 g. Negative} Good 99°), | Good plus 
flour germ. (Germ + 60 mg. Elastic 
glutathione in 1-2 cc. Slightly soft 
water heated in stop- 
pered container at 
80° C.) 
Standard | Water extract of 30 g. Positive | Very poor 75° | Very poor 
flour ether-extracted germ Very soft 
Sticky 
Standard | Water extract of 30 g. Negative| Good 99°), | Good plus 
flour ether-extracted germ. Elastic 
(Germ heated in stop- Slightly soft 
pered container at 
80° C.) 


extract of 30 g. of ether-extracted germ. The effect of the water ex- 
tract of ether-extracted germ was equally as bad as judged by the 
farinograph curve and in the baked loaf (see Table 1) as the water 
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extract of the original germ. That the ether-extracted germ can be 
improved by heat treatment is illustrated by the character of curve 8. 

Although phosphatides are not completely ether soluble without pre- 
liminary treatment of the germ with alcohol, a certain amount of the 
phosphatides is removed by ether. Since the improvement in baking 
quality due to heat treating the ether-extracted germ was as great as 
that of the original unextracted germ, it is believed that the lipids of 
the wheat germ play only a very minor role in the improvement ef- 
fected by heat treatment. 

As has already been reported, when germ is stored at a relatively 
high moisture in a sealed container at room temperature, its effect on the 
baking quality of flour is improved (Sullivan, Near, and Foley, 1936). 
This is doubtless due to the auto-oxidation of glutathione under these 


conditions. 


Binet and Weller (1936) have recently published a method for the 
estimation of the total glutathione of tissues. Their method depends 
upon the separation of the reduced glutathione by the formation of a 
cadmium mercaptide. The cadmium salt is then dissolved in phosphoric 
acid, an excess of standard iodine solution added and the excess iodine 
titrated in the usual way with sodium thiosulfate. Total glutathione is 
measured by first reducing the oxidized glutathione in the sample by 
KCN, followed by the same separation and titration as given for the 
estimation of reduced glutathione. Using this procedure, 0.241% of 
reduced glutathione was obtained with this particular sample of germ 
and 0.315% of total glutathione. The percentage of oxidized gluta- 
thione was, therefore, 0.074%. These results are the average of tripli- 
cate determinations and have been calculated to dry basis. 

It is likewise of interest to measure the amount of reducing substance 
present in the samples of patent, clear, low grade, bran, and germ milled 
from the same wheat by a potentiometric measurement. A particular 
sample of winter wheat was chosen for these experiments because it 
had been found to be rich in glutathione. The procedure was as fol- 
lows. 

The sample (100 g. for flours, 50 g. for bran and germ) and 500 ce. 
of water were shaken in a 750 cc. Erlenmeyer flask to give a homo- 
geneous suspension. To this suspension 2 cc. of sulfuric acid (1 + 1) 
and 10 cc. of 12% sodium tungstate solution were added. After shak- 
ing, the solution was allowed to settle and at the end of one hour the 
supernatant liquor was filtered. To a 100 ce. aliquot of the extract, 
10 cc. of 0.0100 N potassium iodate and 10 cc. of 30% potassium iodide 
were added. The solution was then titrated with 0.0024 N thiosulfate 
using a potentiometer with saturated calomel and platinum electrodes. 
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The reduction equivalents calculated to a uniform amount of substance 
extracted were, patent 0.0,744, clear 0.0,41, low grade 0.0,49, bran 
0.0,74, and germ 0.0,234. Thus there is a gradual increase in the 
amount of reducing substance present in wheat products as one pro- 
gresses from patent, to clear, to low grade, to bran, and to germ. In 
these experiments the clear showed 5.5, the low grade 6.6, the bran 9.9, 
and the germ 31.4 more reducing substance than the patent. This may 
explain the greater reaction of lower grade flours to oxidizing agents. 

The disappearance of glutathione as a result of heat treatment or 
of oxidizing agents can be followed by an iodine titration method, after 
first removing the proteins by sulfosalicylic acid. An excess of 0.0040 
N iodine is added to the filtrate and the excess titrated with 0.0020 N 
thiosulfate solution. In Table II figures are given showing the number 


TABLE II 
Custc CENTIMETERS OF 0.0040 N lIopine Usep sy 10G. SAMPLE 


Sample 0.0040 N Iodine 
Ce. 
Standard flour 
Germ 23.35 
Ether-extracted germ 24.50 
Germ heated in stoppered container at 80° C. 3.25 
Germ heated in unstoppered container at 80° C. 23.25 
om glutathione in 1-2 cc. water heated in stoppered container - 
at ; 5. 


of cubic centimeters of 0.0040 N iodine used by 10 g. of material. 
When the results of the iodine titration are calculated to glutathione, a 
percentage of 0.29% is obtained on the particular sample of germ used 
in these experiments. The ether-extracted germ gives a result of 
0.27% when allowance is made for the amount of fat extracted from 
the sample. Since 60 to 70 mg. of glutathione produces about the same 
amount of damage as 30 g. of germ in 300 g. of flour, and because 30 g. 
of germ would contain about 70 mg. of glutathione according to our 
measurements, this affords additional confirmation that glutathione is 
responsible for the damaging action of wheat germ on baking quality. 
Samples of germ vary noticeably in the amount of reduced glutathione 
they contain as evidenced by the intensity of the nitroprusside test. 
The wheat, method of milling, purity of the germ, and the storage con- 
ditions after the separation of the germ all influence the result. Un- 
doubtedly the colloidal characteristics of the flour proteins undergo a 
decided change on heat treatment. The rate of diastatic activity is like- 
wise modified. However, it is believed that the oxidation of glutathione 
and the resultant decrease in proteolytic activity is the most important 
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cause for improvement of germ and low grade streams by heat treat- 
ment. 


Conclusion 


Evidence has been given that the oxidation of glutathione is in part 
responsible for the beneficial effect of heat treatment on wheat germ and 
flour streams containing germ. 
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THE EFFECTS OF PROTEASE INCREMENTS ON THE 
PLASTICITY OF DOUGHS'* 


Etpor Rupp and C. H. BaILey 


Division of Agricultural Biochemistry, University of Minnesota, 
St. Paul, Minnesota 


(Read at the Annual Meeting, June 1936) 


It has been recognized for many years that the enzymes of flour are 
an important factor in determining bread making qualities of the flour. 
Proteases either naturally occurring in flour or introduced in the various 
other ingredients greatly influence the properties of the dough and the 
resulting loaf. Diastatic preparations, either as malt extracts or 
sprouted wheat flour contain proteases which will be introduced into the 
dough when these preparations are included among the dough ingredi- 
ents. These diastatic preparations are being employed to an increasing 
extent which adds to our present interest in the proteases. 

Protease action has been generally considered to have a deleterious 
effect on the gluten properties. Recently it has been shown by various 
investigators (Read and Haas, 1934; Green, 1934) that the addition of 
small amounts of proteases in “ bucky ” doughs produces a mellowing 
effect, rendering the dough pliable and lively and resulting in better 
loaves. Balls and Hale (1936) suggest that the first action of a pro- 
teinase is one of coagulation which would tend to make the gluten more 
tenacious. Later the coagulated protein material is degraded by pro- 
gressive hydrolysis. Small increments of proteinase hence might prove 
beneficial when present in concentrations appropriate to the other flour 
properties. 

The presence of proteases in wheat and flour and the effects of 
proteases in dough, either natural occurring or added, have been demon- 
strated qualitatively by numerous workers. There are several reviews 
in the literature covering the earlier work of this nature. Recent in- 
vestigations have indicated that the proteases of wheat are of the papain 
type. 

Balls and Hale (1935) followed the rate of digestion in flour ex- 
tracts at various pH levels. They found distinct optimums for diges- 
tion in whole wheat at pH values of 3.3 and 5.0. White wheat flour 


1 Paper No. 1482, Journal Series, Minnesota Agricultural Experiment Station. Condensed from a 
a thesis presented by Eldor Rupp to the Graduate School of the University of Minnesota in partial 
fulfillment of the requirements for the degree of Master of Science, 1935. 
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showed only one optimum, that being at a pH of 4.5, They suggest 
that the optimum pH changes with the nature and proportion of pro- 
teins present. The optimum pH of papain is known to be at the iso- 
electric point of the protein being hydrolyzed. 

In a later paper Balls and Hale (1936) showed that the proteases of 
wheat can be activated by cysteine hydrochloride and glutathione. 
J@rgensen (1935, 1936) has likewise shown that wheat contains prote- 
ases which can be activated by glutathione and inactivated to a con- 
siderable extent by ascorbic acid. These reactions are further evidence 
that the wheat proteases are of the papain type. 

It is difficult to make quantitative determinations of these proteases 
or their effects. Chemical methods are not well suited for such meas- 


400 + 


Figure 1. Typical farinograms showing the shaded area measured in computing the 
“development work ’’ (D. W.) of two doughs. 

urements since pronounced effects as indicated by changes in the phys- 
ical properties of the dough may be accompanied by only slight varia- 
tions in the measurable chemical constants. Physical measurements are 
attractive in that they may afford an indirect basis for measuring prote- 
olytic action. Viscosity determinations have been studied extensively 
but the difficulties encountered have mitigated against their general ap- 
plication in quantitative estimates. 

Landis (1935) investigated the action of papain on the plasticity of 
doughs as measured by the farinograph. He found that the proteolytic 
activity is reflected in the area under the test curve described by the 
farinograph, which area he terms, “development energy.” This is 
illustrated in Figure 1. The upper farinograph curve is that for a con- 
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trol determination and the shaded area represents the “ development 
work ” (D. W.) of the dough when no papain has been added which in 
this case is 4.62 kilo units. The lower curve is that obtained when 
25 mg. of papain have been added per 300 g. of the same flour, the 
D. W. having decreased to 2.88 kilo units. The decrease in D. W. as 
represented by the difference in area of the shaded portions (4.62 — 2.88 
== 1.74 kilo units) is a measure of the proteolytic action of the papain. 
Landis found that the rate of decrease of the D. W. was proportional to 
the time and to the concentration of papain added within certain limits 
and hence should serve as a suitable basis for the definition of prote- 
olytic unitage. 

The purpose of this present investigation was to determine to what 
extent measurements of this kind were independent of the nature of the 
flours used as substrates and whether or not this method was suitable 
for measuring the activity of proteases in general. 


The Action of Papain on Dough 


The procedure followed was essentially the same as that of Landis. 
A standard dough was prepared in the farinograph by titrating 300 g. 
of flour plus 1% salt to a consistency of 600° Brabender in exactly five 
minutes. In the case of several flours which deveioped more slowly, 
the time was extended to seven minutes. To this standard dough was 
added 10 cc. of water which contained varying amounts of papain, the 
addition being made in a period of one minute. The mixing was con- 
tinued for one minute more and the dough was then allowed to rest for 
30 minutes. Then the mixer was started again and the test curve or 
farinogram was obtained. A commercial preparation of papain pur- 
chased from Parke, Davis and Company was used. 

The area under the test curve in the case of the control determina- 
tion, without papain, was termed the “ D. W.” of the flour. As papain 
increments are added to a flour there was a decrease in the D. W. of 
the resulting dough which varies with the size of the increments of 
papain in the manner illustrated in Figure 2. For all the flours studied 
there was a range up to about 35 to 40 mg. per 300 g. of flour in which 
there was a linear relationship between the amount of papain added and 
the decrease in D. W. Beyond this range there was a break in the 
curve which rendered the extension of the curve unsuitable for enzyme 
determinations. A point of interest is that small increments of papain 
did not cause any degradation. This fact suggests that the effect was 
probably one of coagulation which maintains the tenacious quality of 
the gluten fairly constant during the period of observation. This 
would be in agreement with the statement by Balls and Hale (1936) 
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that the first action of proteinases is one of coagulation. The results 
are in accord with those obtained by Bohn and Bailey (1937) in making 
“ stress ” readings with varying amounts of papain. The use of 10 mg. 
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Figure 2. Decrease of development work (D. W.) of doughs with increasing 
dosages of papain. 


of papain per 300 g. of flour did not alter the stress readings as com- 
pared with the control ;. larger amounts produced a degradation of the 
gluten, however. 

The linear relationship existing over a certain range between the 
amounts of papain added and the decrease in D. W. suggests that the 
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latter may afford a basis for measuring enzyme activity. It was neces- 
sary then to determine whether or not the rate of decrease of the D. W. 
was independent of the nature of the flour. 

Nine different flours were accordingly used which are described in 
Table I together with their protein and moisture content at the time of 


TABLE I 


DESCRIPTION OF FLouRS UseEp IN PAPAIN STUDIES 


Crude 
Description of flours protein al (D. W.) 
(N X 5.7) kilo unit's 


4/0 


Medium strength commercial flour ; 11.8 
Minnesota winter wheat straight State 12.9 
Exp. Mill 
“Full strength” commercial flour 12.9 
Short patent hard wheat 
2nd Middlings from commercial Mill 13.1 
— from Minnesota State 13.2 
i 
| Composite flour milled at Univ. Farm, 
St. Paul 
Minnesota spring wheat straight State 14.75 
Exp. Mill 
flour from Minnesota State 
i 


use. The amount of water used in titrating the doughs to a consistency 
of 600° Brabender in the preparation of the standard substrate is re- 
corded in the fifth column. In the sixth column are listed the values of 
the D. W. of the control doughs. 

The results are plotted in Figure 3. The slopes of the graphs vary 
considerably with the nature of the flours. Hence the rate of decrease 
of the D. W. is not independent of the flour and will not serve as a 
suitable basis for the definition of an enzyme unit. 

By a comparison of the D. W. values of the papain-free control for 
each flour and the corresponding line in Figure 3 it was observed that 
the angles which the lines formed with the horizontal were an inverse 
function of the D. W. That is, the larger the D. W. value the greater 
is the numerical decrease in the D. W. for a given increment of papain. 
In Figure 4 the effect of 5 mg. increments of papain on the D. W. of 
each flour in the region where a linear relationship existed, is plotted 
against the control D. W. values of the same flours. A linear relation- 
ship between these variables appears and a line drawn through the 
plotted points passes through the abscissa at approximately 0.8 kilo units. 
Therefore, if the quantity 0.8 is subtracted from the D. W. of each flour 


Acces- 
sion 
num- 
ber 

16327 61.0 2.0 
16246 54.5 2.2 

. 16326 60.5 2.5 
16669 59.0 | 2.6 
16247 58.0 3.9 
16667 57.5 4.6 
61.5 5.0 
16245 68.5 6.15 
16668 57.5 8.15 
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a direct proportion would exist between the values so obtained and the 
enzyme effects. The fractional rate of decrease of the value (D. W. 
— 0.8) is essentially independent of the flour used. When the results 
are plotted on this basis a close agreement is shown to exist (Figure 5). 

Since small increments of papain do not cause a breakdown of the 
gluten the definition of the papain unit is stated in terms of the differ- 
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Figure 3. Showing variations in the decrease of development work (D. W.) of doughs 
made with nine different flours. 
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Figure 4. Effect of 5 mg. increments of papain on the development work (D. W.) 
of doughs through the region where the relation is linear. 
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Figure 5. Percentage decrease per hour in development work corrected by — 0.8 (D. W. — 0.8) 
as affected by papain additions to several different flours. 


ence in amounts of degradation produced by two increments of papain, 
both increments of sufficient size to cause a gluten degradation. 

Using the arbitrary conditions as outlined the enzyme unit may be 
defined as follows: One unit of papain is the amount comprising the 
difference between two increments of the proteolytic substance which 
when added to a standard dough will cause a difference in the fractional 
rate of decrease of the corrected D. W. of 10% per hour. 


The Effects of Variation of the D. W. Value of a Single Flour 


Many factors such as pH, salts, temperature, efc., are known to 
affect enzyme actions but these same factors will likewise affect the 
D. W. of a flour. In any study of the effects of these factors on the 
enzyme activity using the Landis procedure one encounters the diffi- 
culty of determining whether the changes which occur are due to the 
change in activity of the enzyme or due to the changes in the D. W. of 
the flour effected by other factors. 

Investigations as to the effects of a few of these factors were con- 
ducted using flour No. 16247. In Table II the modifications of the 
procedure employed and the D. W. values of the resulting doughs are 
listed. With absorption as the variable doughs did not reach 600° on 
the farinogram in the preparation of the standard substrate. Variations 
in the mixing time and in the absorption in preparing the standard sub- 
strates should have no effect on the activity of the enzyme. The pH 


July, 1937 ELDOR RUPP AND C. H. BAILEY 503 


TABLE II 


VARIOUS MODIFICATIONS EMPLOYED SHOWING THE RESULTING EFFECTS ON THE 
D. W. oF THE DovuGH 


Absorption 
in the 
preparation Development 
of standard work of 
Flour Manners in which the substrate, dough, Kilo 
number procedure was modified % Units 
1 Mixing time in the 5 58 3.90 
2 preparation of the 10 59 3.30 
3 standard substrate, Minutes 15 60 2.50 
4 55 55 3.50 
1 Absorption, “% 58 58 3.90 
5 61 61 4.40 
6 25° 60 4.05 
1 Temperature, ° C. 30° 58 3.90 
7 2° 56 3.80 
1 5.95 58 3.90 
8 pH 5.46 57 4.25 
9 4.84 56 4.45 


was varied by the addition of lactic acid. The use of buffers would 
introduce a salt effect on the gluten and possibly on the enzyme. 
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DECREASE IN O.W.- KILO UNITS PER HOUR 


Figure 6. Variations in the decrease in development work (D. W.) of doughs as the mixing 
time (curves 1, 2, 3) and the absorption (curves 4, 1, 5) are increased. See Table II for key to 
numbers. 

In Figures 6 and 7 are indicated the decreases in D. W. in kilo units 
as papain increments are added. The numbers on the graphs corre- 
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PAPAIN ADDED-MGS. PER 300 GMS. FLOUR 


' 2 3 4 5 6 7 8 9 
DECREASE IN D.W. - KILO UNITS PER HOUR 

Figure 7. Variations in the decrease in development work (D. W.) of tm = _as the tempera- . 
ture was increased (curves 6, 1, 7) and the pH was decreased (curves 1, 8, 9). See Table It for 
key to numbers. 


spond to those in the table. All the results were recalculated on the 
basis of the fractional decrease of the quantity (D. W. —0.8)._ Fig- 
ure 8 shows the corresponding results for modifications of mixing time, 
absorption, and pH. The fractional decrease of the quantity (D. W. 
—0.8) is shown to be independent of these variables. 

The results at 25°, 30°, and 35° respectively as indicated in Figure 9 


PAPAIN ADDED- MGS. PER 300 GMS. FLOUR 


° 10 20 30 50 60 70 80 90 
DECREASE IN THE QUANTITY (Dw.-0.8) - PERCENT PER HOUR 
Figure 8. Fractional rate of corrected decrease in development work (D. W.) in per cent per 
hour of five representative flour doughs as a function of the quantity of papain added per 300 g. 
flour. 
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Figure 9. Fractional rate of corrected decrease in development work (D. W.) in per cent per hour 
of a representative flour dough, with temperature, and quantity of added papain as variables. 


show that the procedure is not independent of the temperature. Over 
the range studied the activity of the papain apparently increased with 
the temperature. The nature of the curves in Figure 7 also indicate 
that there was an increase in activity with temperature. At 30° (curve 
1) approximately 35 mg. of papain were necessary before the break in 
slope occurred. While this point cannot be determined with any great 
accuracy unless numerous replicated tests are conducted, there is a defi- 
nite variation from this value at 25° (Curve 6) and at 35° (Curve 7). 
The fact that less enzyme is required at 35° than at 25° to effect an 
equivalent degradation of gluten indicated that the activity of the en- 
zyme increased with the temperature. 

This suggested that factors affecting the activity of the papain can 
be demonstrated independently of the change in D. W. If such is the 
case it is strange that variation of the pH would not cause a similar 
effect since it is known that the pH is an important factor in enzyme 
activity. However, the pH range used lies close to that for optimum 
activity observed by Balls and Hale (1935) for the enzymes in the flour. 
If the range were extended changes in activity might be observed but 
when this was attempted the variability among the replicates was too 
great to permit of any conclusions. 


The Action of Pepsin 


Since various proteases differ in the mechanism and extent of their 
action on proteins we investigated commercial pepsin (Merck) also, to 
determine if the method outlined was suitable for this enzyme. 


506 PROTEASE INCREMENTS Vol. 14 


The same procedure was followed as before using five of the flours 
previously included in the papain studies. These are listed in Table ILI. 
Figure 10 records the results when the decreases in development work 


TABLE III 


Pepsin STUDIES 


Amount of 
- Decrease in pepsin 
D.W. caused equivalent 
Accession Development by 5 mg. of 
Sample numbers of work of flours, papain, Kilo 
number flours Kilo Units Units 


16327 0.32 
16669 , 0.44 
16247 0.95 
16667 1.03 
16245 1.45 


1-16245 
2-16667 
3-16247 
4-166 69 
5°16327 
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DECREASE IN DW. - KILO UNITS PER HOUR 


Figure 10. Decrease in development work (D. W.) of five flour doughs as effected by 
progressively increasing dosages of added pepsin. 


(D. W.) of these flours were plotted against the dosages of added 
pepsin. As in the papain studies the slopes of the graphs vary con- 
siderably with the nature of the flour. The results were also calcu- 
lated on the basis of the fractional rate of decrease of the values (D. W. 
— 0.8) and appear in Figure 11. It is seen that the correction of —0.8 
kilo units used for papain will not apply for pepsin since the slopes are 
widely divergent. Using the same method as previously employed for 
papain it was found that the correction necessary for pepsin was + 0.9 
kilo units. Figure 12 shows the results when this correction is used. 
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Figure 11. Fractional rate of decrease in per cent per hour in development work (D. W.) cor- 
rected by — 0.8 (the correction found satisfactory for papain) of five representative flour doughs to 
which varying quantities of pepsin were 
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DECREASE IN THE QUANTITY (D.w.+0.9) -PERCENT PER HOUK 


Figure 12. Same data as in Figure 11 after correcting the development work (D. W.) 
by addition of the quantity 0.9. 


It is not logical to directly compare the activities of papain and 
pepsin. The amounts of papain and pepsin which will cause the same 
degradation in D. W. in one flour will not necessarily cause equal 
amounts of degradation in another flour. In the third column of Table 
III the decreases in D. W. in kilo units for the five flours caused by a 
5 mg. increment of papain are recorded. In the next column appear the 
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quantities of pepsin which effected the same decrease in D. W. as 5 mg. 
of papain. It is apparent that a constant value for the pepsin is not ob- 
tained, since the amounts which are equivalent to 5 mg. of papain ranged 
from 65 to 140 mg. in the case of the five flours used. 

The degradation of the gluten as measured by the decrease in D. W. 
does not necessarily give a comparative measure of the changes oc- 
curring in the structure of the gluten unless these changes are all of the 
same nature. An equivalent amount of degradation as measured by the 
farinograph may be caused by two entirely different chemical reactions. 
Since the nature of the action is not the same for various proteases it is 
obvious that comparisons between strengths of various protease prepara- 
tions can be made only if the protease is of the same kind throughout. 


The Action of Sprouted Wheat 


It is quite likely that enzymes other than proteases may effect the 
gluten properties. Landis (1935) has used the decrease in D. W. as a 
measure of the protease activity in various malt extracts, assuming that 
the decrease is entirely due to the proteases in the extracts. 


TABLE IV 


THe Errects oF SpROUTED WHEAT INCREMENTS ON THE CHARACTERISTICS OF A 
FARINOGRAM 


Amount of Height of 
sprouted maximum, Time to reach Development Decrease in 
wheat Farinograph maximum, work, D.W. per hour, 
added, “% degrees Minutes Kilo Units Kilo Units 


ge 


.16 
.10 
42 


= 
wn 
wn 


++++4+4+4++ 1+ 
mwa 


It has been demonstrated by several workers that sprouted wheat 
contains more active proteases than normal wheat. When sprouted 
wheat flour is used in determinations with the Landis procedure it is 
apparent that the degradation produced is of a different nature than that 
effected by papain alone. Papain increments decrease both the maxi- 
mum height reached in the farinogram and the mixing tolerance of the 
dough. Small increments of sprouted wheat, however, while they cause 
a very great decrease in the maximum height of the farinogram, also 
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cause an actual increase in the mixing tolerance as measured in terms of 
the time required to reach the maximum farinograph value. The re- 
sults for one series of runs are given in Table IV. 

The addition of 1% sprouted wheat caused a decrease in the maxi- 
mum height from 560° to 410°, a difference of 150°, and at the same 
time caused an increase in the mixing tolerance from 8.2 minutes to 11.3 
minutes, or 3.1 minutes. It appears from this that the gluten of the 
substrate has been modified to a considerable degree but there has been 
no decrease in D. W.; instead, a slight increase of 0.10 kilo units re- 
sulted. The D. W. value alone therefore does not afford an index of 
the change occurring in the dough. 

When active malt extracts are added to dough the degradation is due 
to a large extent to the a-amylase. The latter can be inactivated by the 
Ohlsson technique, a procedure which does not markedly inactivate 
papain extracts. When this is done the maximum height of the farino- 
gram is not reduced as markedly below that of the control as before and 
there is a decrease in the mixing tolerance instead of an increase. ‘The 
degradation produced is more characteristic of that produced by papain. 
Apparently the a-amylase alters the physical properties of the dough 
sufficiently to mask the deradation produced by the proteases. 

The use of the Landis procedure for directly measuring the protease 
activity in various preparations thus appears to be limited. However, 
measurements made in this procedure are quite sensitive to changes in 
the physical properties of the gluten whether due to proteases or other 
enzymes and may yield valuable information in this respect. 


Summary 


The rate of decrease of development work (D. W.) of a flour is 
proportional to the concentration of papain added within certain limits. 
This rate was shown to vary from flour to flour, however. It was ob- 
served that a relationship existed between the amount of degradation 
produced by a definite increment of protease and the control D. W. of 
the flour. Hence, the rate of degradation can be related back to the 
D. W. of the flour. In the case of the papain preparation used it was 
found that the fractional rate of decrease of the value (D. W. —0.8) 
was the same for all flours. 

The D. W. of a flour was changed by varying the mixing time in the 
preparation of a standard substrate and by varying the absorption, the 
temperature and the pH. The data lead to the conclusion that the 
procedure indicates a change in the activity of the enzyme regardless of 
the direct effect of these variables on the D. W. of the flour. 

The action of pepsin is not the same as that of papain as shown by 
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the fact that the comparative degradation produced on the gluten of one 
flour by the two enzymes did not necessarily have the same value when 
acting on the gluten of other flours. For pepsin it was found that with 
all flours the fractional rate of decrease of the value (D. W. + 0.9) was 
the same. 

The degradation produced when sprouted wheat flour was added to 
flour differed from that produced by relatively pure protease prepara- 
tions. It appears that the a-amylase affects the physical properties of 
the dough sufficiently to mask the action of the proteases. 
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A BRABENDER AUTOMATIC LAB- 
ORATORY MILL 
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In 1935, the Brabender Corporation, Duisburg, Germany, placed on 
the market an automatic laboratory mill designed primarily for the rapid 
production of flour which may be employed for farinograph studies. 
In as much as a complete description of this mill is given by Mueller,’ 
only brief reference need be made here to its design and operation. 

The grinding units consist of two pair of conical artificial stones, 
operating in a horizontal plane, placed one above the other and direct 
driven from a motor mounted vertically at the base of the machine. 
The entire apparatus is supported by three stout vertical pillars, the two 
plan-sifters being mounted to the side and belt driven from the main 
vertical shaft, which operates them at high speed. The mill is approxi- 
mately 5 feet 6 inches high with basal measurements of 2 feet 2 inches 
by 2 feet 6 inches. Handling and transferring stocks is eliminated, since 
the course of the wheat through the mill is continuous. Commencing 
at the feed hopper situated at the top, the wheat passes over the feeder 
dise onto the first pair of stones. After “ breaking,” the stock passes 
to the first sifter containing one wire- and one flour-sieve, where, be- 
cause of the intensive “ break” given, the bran is fairly clean and is 
brought direct from the wire sieve into the bran box. Any flour result- 
ing from this first sifting goes directly to the flour box. The middlings 
pass on to the second pair of stones for reduction, after which the prod- 


1 Published as paper No. 115 of the Associate Committee on Grain Research, National Research 
Council of Canada and Dominion Department of Agriculture. 

2 Since this manuscript was prepared, a communication has been received from the Brabender 
Corporation, Duisburg, Germany, informing us that certain Yn have been made in their 
automatic laboratory mill, which are designed to yield a flour of improved colour and lower ash con- 
tent and which it is stated would compare favourably in baking characteristics with the product of 
experimental mills such as the Allis-Chalmers. Mr. Brabender desired to emphasize that the funda- 
mental purpose of his mill is to supply in the shortest possible time (7 to 10 minutes) a flour sample 
for farinograph testing and not primarily to yield flours comparable to those produced by com- 
mercial mills. It is claimed that the flour produced by this mill yields farinograms which are of 
great utility in rapidly classifying wheats according to their strength for binning and blending purposes. 

3 Mueller, G. The new Brabender automatic laboratory mill. Flour Problems (Brabender News), 
No. 9, pp. 78-80 (1935). 
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ucts are bolted on a second sifter, mounted below the first, also contain- 
ing two sieves. From this sifter, the finished flour passes to the flour 
box and the remaining low grade stock to an offals container. Actually 
the mill produces only three classifications: bran, flour, and low grade 
stock, all of which are obtained, without supervision, in a very short 
time. The rate of feed is controlled by a gauge situated immediately 
beneath the hopper, the adjustment of which regulates the flour ex- 
traction. 

In Canada and the United States, experimental mills of the standard 
commercial roller type are employed and, while it is recognized that the 
resulting flour differs in certain respects from that produced com- 
mercially, it has been amply demonstrated that such flours obtained from 
a series of wheats will be classified in essentially the same order of bak- 
ing strength as those commercially milled from corresponding wheats. 

The present study was undertaken to determine the comparative 
value of the Brabender automatic and Allis-Chalmers experimental mills 
for wheat investigations, with particular reference to the comparative 
strength placings of corresponding flours on the basis of baking and 
farinograph tests. Although the Brabender unit is only intended to 
provide flours for farinograms, these should be related to the baking 
behaviour of the flour. 


Experimental 


In order to provide a series of wheats which varied widely in milling 
and baking characteristics, twelve samples differing in origin were ob- 
tained. Dockage was removed by means of a Perkins dockage tester 
and any chaff or other light material remaining was removed by aspira- 
tion, care being taken to return to the sample any light-weight kernels 
ejected by the cleaning process. The milling technique regularly em- 
ployed in this laboratory with the Allis-Chalmers mill is briefly as 
follows: 


A sample of the cleaned wheat equivalent to 2005 g. on a 13.5% 
moisture basis is weighed, sufficient distilled water added to con- 
dition the wheat to this moisture content and the sample allowed to 
stand for 72 hours. It is then scoured, and to 2000 g. additional 
water is added to raise the moisture content to from 14 to 16% 
(depending upon kernel characteristics ) one-half hour before mill- 
ing according to the flow sheet given in Figure 1. 

The “ ciean-up ” of the bran and shorts and the extraction of 
the final flour (similar to a 95% commercial long patent) are con- 
trolled by suitable reference standards of bran, shorts, and feed- 
flour. Humidity control is provided in the mill room to give a 
flour of approximately 13.5% moisture. 
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Figure 1. Flow sheet for Allis-Chalmers experimental mill. 
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Preliminary experiments revealed that the conditioning treatment 
outlined above was unsatisfactory for the Brabender mill, better separa- 
tions of the products being obtained when the milling was conducted at 
much higher moistures. Optimum conditions were found to be ob- 
tained with a conditioning time of 48 hours at 16% moisture followed by 
a one-hour temper at 17% for soft, and 18% for hard wheats. The 
flow sheet for the Brabender mill is given in Figure 2. The mill was 
adjusted to give a feeding rate of 100 g. per minute with all wheats and, 
to ensure removal of all the flour and offals from the bolter, the mill 
was run “empty” for 8 minutes between samples. Approximately 18 
minutes, including the “ empty” running time, was required to com- 
plete a milling, as compared with 45 to 60 minutes, depending on the 
type of wheat, for the Allis-Chalmers mill. 


TABLE I 
MILLING AND MISCELLANEOUS DATA 
Weight Mean flour yield! 
Labora- per Wheat 
number (clean | (N X 5. llis- 
wheai) Brabender | ¢ 
lb % % % 
1 No. 1 Northern, Edmonton Inspection Average| 6344 14.4 49.2 69.8 
2 No. 1 Northern, Winnipeg Inspection Average | 63%4 14.8 49.9 69.2 
3 No. 4 Northern, Winnipeg Inspection Average | 61'¢ 13.6 45.6 66.2 
4 No. 5 Winnipeg Inspection Average 61 14.2 40.8 65.2 
5 No. 4 Special, Winnipeg Inspection Average 56 13.1 41.8 62.6 
6 Argertine, cargo sample 63 13.4 50.0 69.5 
7 Argentine, cargo sample 65% 11.3 48.0 69.0 
& Australian, cargo sample 65 8.9 49.0 68.8 
9 Australian, cargo sample 63% 9.9 46.4 68.8 
10 German 61', 10.5 49.8 68.4 
11 German 63'4 10.1 47.6 68.8 
12 French 61% 9.5 49.8 68.2 
MEAN 47.3 67.9 


Analyses of Variance for Flour Yield Data 


Variance F 
Degrees of 5% 
freedom Allis- Allis- Point 
Brabender Chalmers Brabender | ¢ halmers 
Between samples 11 4909.0 10058. 1 5515.8 47895.9 2.69 
Within samples 12 21 


Standard Error 


Brabender 98 
Allis-Chalmers 48 


1 Results expressed on a 13.5% moisture basis. 


Duplicate millings, employing 1000 g. for the Allis-Chalmers and 
2000 g. for the Brabender mill were made with each wheat, insufficient 
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material being available to permit the use of 2000 g. wheat for each mill. 
The flour yields were submitted to statistical analysis, the results of 
which, together with the mean yields and relevant data regarding the 
wheats, are given in Table I. 

The mean flour yields are 47.3 and 67.9% for the Brabender and 
Allis-Chalmers milled samples respectively, and an examination of the 
individual means shows that the yields on the latter mill are much more 
in line with weight per bushel ; for example, sample No. 5, a light-weight 
“rusted ’’ wheat of only 56 pounds test weight gave a 1% higher yield 
of flour on the Brabender mill than sample No. 4, a plump frosted grade 
No. 5 wheat weighing 61 pounds per bushel, whereas with the Allis- 
Chalmers mill the light-weight wheat gave 2.6% less flour. Moreover, 
the variance analyses reveal that the wheats are better differentiated in 
regard to flour yield by the Allis-Chalmers mill, due in large part to its 
lower experimental error. Since the standard error of the mean of two 
determinations equals the standard error of a single observation di- 
vided by Y 2, the standard error of the difference between the means 
of two sets of duplicate determinations equals the standard error 
[(o/2) X V2]. Taking the level of significance as twice the stand- 
ard error, a difference of 2% in the mean flour yield of any two samples 
would be significant for the Brabender mill, the comparative figure for 
the Allis-Chalmers mill being 1.0%. 


TABLE II 


MEAN PROTEIN,! AsH 2 AND CAROTENE ? DATA—BRABENDER AND ALLIS-CHALMERS 
MILLED FLours 


(Results computed to a 13.50% Moisture Basis) 


rer Ash content Carotene 
Labora- 
tory Sample 
Bra- | Allis- | Bra- | Allis- | Bra- | _Allis- 
bender | Chalmers| bender | Chalmers} bender | Chalmers 

% % % % D.p.m. p.p.m. 

1 No. 1 Northern, Edmonton 
Inspection Average 14.6 13.3 0.61 0.42 1.74 1.73 

2 No. 1 Northern, Winnipeg 
Inspection Average 14.4 14.1 0.69 0.44 1.86 1.75 

3 No. 4 Northern, Winnipeg ‘ 

Inspection Average 13.7 13.0 0.76 0.48 2.10 2.00 

4 No. 5 Winnipeg Inspection 
Average 14.0 13.1 0.85 0.52 2.02 1.82 

5 No. 4 Special, Winnipeg In- 
spection Average 12.6 12.2 0.81 0.44 2.80 2.92 
6 Argentine, cargo sample 13.0 12.9 0.67 0.44 1.36 1.36 
7 Argentine, cargo sample 9.6 10.0 0.64 0.42 1.04 1.15 
8 Australian, cargo sample 7.4 7.8 0.56 0.39 1.62 1.80 
9 Australian, cargo sample 8.7 9.4 0.44 0.36 2.05 2.27 
10 German 8.8 94 0.54 0.45 1.59 1.76 
11 German 8.2 8.6 0.52 0.40 1.22 1.44 
12 French 7.1 7.9 0.48 0.36 1.52 1.78 
MEAN 11.01 10.98 0.63 0.43 1.74 1.82 


1 Protein (NX 5.7) determined by a modification of the Kjeldahl-Gunning procedure. 
2 Ash determined after incineration of flour overnight at 1050° F. _ 
3 Carotene determined by the A. A. C. C. official spectrophotometric method. 
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Chemical Composition of Flours 


The mean flour protein, ash, and “ carotene ” data for the two types 
of flours are recorded in Table II, from which it will be noted that al- 
though the mean protein contents for all samples combined are almost 
identical, the Brabender values for the Canadian samples are higher 
while the reverse is the case for the remaining samples. The ash con- 
tents of the Brabender milled flours are invariably higher, the difference 
being most marked with the harder wheats. Contrary to expectation, 
with the exception of the Canadian samples, the carotene content is 
lower for the Brabender flours. These relations indicate that not only 
are the Brabender milled flours much less refined but also that the de- 
gree of refinement is relatively lower for the hard wheats. A visual ex- 
amination of the flours showed that those milled in the Brabender mill 
were definitely grey in colour and were badly contaminated with pulver- 
ized bran and germ particles. 


Baking Tests 


The individual flours from each mill were randomized and baked 
in duplicate, employing the malt-phosphate-bromate procedure (the 
A. A. C. C. basic procedure plus 0.3% diastatic malt (250° Lintner) 
plus 0.1% NH,H,PO,, and 0.001% KBrO, )—a formula and procedure 
which experience has shown satisfactorily differentiates flours on the 
basis of strength; the inclusion of diastatic malt obviates yeast starva- 
tion during fermentation, while the potassium bromate assists the gluten 
development. The mean baking results are recorded in Table III, while 
variance analyses for the loaf volume data are summarized in Table IV. 

It will be noted that the absorption of the Brabender milled flours 
was in general considerably higher, the crumb texture of the loaves defi- 
nitely poorer and the crumb colour decidedly more grey as compared 
with corresponding loaves baked from the Allis-Chalmers milled fiours ; 
in external loaf appearance, however, corresponding loaves were quite 
similar. 

However, as the object of the Brabender mill is to provide flour for 
determining wheat strength on a farinogram basis, the loaf volume data 
are of particular interest as a standard of reference. The mean loaf 
volume for all flours milled on the Brabender mill is 629 ce., and that 
for the Allis-Chalmers 677 cc., and the variance analyses show these to 
be significantly different. Moreover, the different wheats do not reveal 
the same relative strengths, as indicated by loaf volume, when milled by 
the two procedures ; this is indicated by the highly significant interaction 
“wheats x mill.” Examination of the mean loaf volumes for indi- 
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vidual wheats shows that this is due to the fact that there is a much 
greater difference between the loaf volumes for the Canadian wheat 
flours milled on the two types of mill than is the case for the remaining 
samples. In dealing with the chemical composition of the correspond- 
ing flours, it was shown that the protein and ash values for the 


TABLE IV 
ANALYSES OF VARIANCE FOR LOAF VOLUME DaTA 


rees 
Variance due to: of freedom Variance F % point 


Brabender Mill 


Differences ‘‘ Between Wheats”’ 11 129636.0 1345.05 2.18 
Differences ‘‘ Between Millings”’ 1 26.0 .27 4.26 
Interaction, Wheats X Millings 11 172.0 1.78 2.18 


Differences Within Millings 24 96.38 
Allis-Chalmers Mill 


Differences ‘‘ Between Wheats”’ 11 174827.0 2563.07 2.18 
Differences ‘‘ Between Millings”’ 1 5.1 07 4.26 
Interaction, Wheats X Millings 11 27.45 40 2.18 


Differences Within Millings 24 68.21 
Both Miils 


Differences ‘‘ Between Wheats” 11 298849.0 §3.23 2.79 
Differences ‘‘ Between Mills” 1 55104.0 9.81 4.84 
Interaction, Wheats X Millis 11 5614.45 65.47 _ 1.89 


72 85.76 


Standard Errors? 


Brabender Mill 10.84 
Allis-Chalmers 7.35 


Error 


1 F values in this column were calculated using interaction as error. 
? The standard errors given are the combined errors due to differences between millings, interaction 
and differences within millings, i.e., they are the square roots of the variances for 36 degrees of freedom. 


Brabender milled flours were relatively much higher for the Canadian 
group, indicating greater contamination with mill ‘offals. These ad- 
versely affect loaf volume and undoubtedly account in large part for the 
smaller loaf volumes of the Brabender milled flours. The protein and 
ash contents of the corresponding flours from samples Nos. 6 to 12 in- 
clusive agree much more closely, indicating that the degree of refine- 
ment of the Allis-Chalmers and Brabender milled flours is fairly similar 
and it is in this group in which the loaf volumes are also quite similar. 


Farinograph Tests 


In testing experimentally milled flours, particularly from strong 
Canadian wheats, a dough consistency of 600 units has been found to 
give the most satisfactory type of farinograph curve and this consistency 
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was employed in the present study using 50 g. flour (13.5% moisture 
basis) for each test, a farinogram being made with the flour from each 
individual milling. 

For the purpose of evaluating the curves, two measurements were 
made: (1) the angle between the line drawn from the mid-point of band 
at maximum dough development to where the curve meets the 400-unit 
line, and this latter line, and (2) the area, in square centimetres, en- 
closed by a line drawn from mid-point of the band at maximum dough 
development to end of curve parallel to the 600-unit line, from this 
point down to mid-point at end of curve and returning to the dough 
development point. The measurements employed are indicated by 
Figure 3. 


MINUTES 


Figure 3. Reproduction of farinogram illustrating the two measurements employed for evaluation. 


The angle is termed the “ dough-development angle” and the area, 
as measured in square centimetres by a planimeter, the “ weakening 
area,” the former decreasing with increasing development time, while 
the latter increases with the decrease in force required to mix the dough 
after maximum development. The measurements were submitted to 
variance analyses, the results of which are summarized in Table V. 

While the mean dough development angles and weakening areas for 
the Brabender and Allis-Chalmers milled flours respectively are sig- 


700-+—_} 
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nificantly different, it will be noted that the interactions for “ wheats 
x mills” are not significant, indicating that essentially the same relative 
farinogram results are given by both types of flours. This is in contra- 
distinction to the significant interaction for the loaf volume data and 
implies that the farinograph does not show as great a differentiation 
between flours of varying degrees of refinement, as reflected by protein 
and ash content, as the experimental baking test. 


TABLE V 
ANALYSES OF VARIANCE FOR FARINOGRAPH DATA 


DOUGH DEVELOPMENT ANGLE 


Degrees Standard 
Variance due to: of freedom Variance F 5% point error 
Brabender Mill 
Between Wheats 11 675.75 95.72 2.73 
Within Wheats 12 7.06 2.66 
Allis-Chalmers Mill 
Between Wheats 11 703.38 74.83 2.73 
Within Wheats 12 9.40 3.07 
Both Mills 
Between Wheats 11 1368.76 166.31 2.22 
Between Mills 1 168.75 20.50 4.26 
Interaction, Wheats x Mills 11 10.36 1.26 2.22 
Error 24 8.23 


WEAKENING AREA 


Brabender Mill 


Between Wheats 11 534.51 80.86 2.73 
Within Wheats 12 6.61 2.57 
Allis-Chalmers Mill 
Between Wheats 11 447.87 160.53 2.73 
Within Wheats 12 2.79 1.67 
Both Mills 
Between Wheats 11 976.69 207.81 2.22 
Between Mills 1 140.09 29.81 4.26 
Interaction, Wheats x Mills 11 5.70 1.21 2.22 
Error 24 4.70 


The standard errors for dough development angle and weakening 
area given in Table V and those for loaf volume in Table IV, as deter- 
mined for the flours obtained on each mill, serve as a basis for classi- 
fying the samples. 

As shown in the discussion of flour yield, the level of significance 
for the difference between the means of duplicate values is twice the 
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standard error of a single determination. On this basis, differences in 
“dough development angle” of 5.3° and 6.1° for the Brabender and 
Allis-Chalmers flours respectively will be significant. Similarly for 
“ weakening area,” differences of 5.1 and 3.3 square centimetres re- 
spectively are required. 

The strength classifications of the samples on the basis of mean 
dough development angle and weakening area are shown in Table VI, 
and for comparison purposes similar classifications on the basis of mean 
loaf volume are also given. Since the mean loaf volumes recorded in 
Table III are based on four replicates, the difference between any two 
means required for significance equals the standard error of a single 
determination x \/2._ From Table IV the required differences are 10.4 
ec. and 15.3 cc. for the Allis-Chalmers and Brabender volumes 
respectively. 

TABLE VI 


STRENGTH PLACINGS OF THE BRABENDER AND ALLIS-CHALMERS MILLED FLouRS 
ON THE Basis oF DouGH DEVELOPMENT ANGLE, WEAKENING AREA, AND 
LoaF VOLUME 


(Samples are arranged in order of decreasing strength) 


Mean dough development angle Mean weakening area Mean loaf volume 
Brabender Allis-Chalmers| Brabender | Allis-Chalmers| Brabender | Allis-Chalmers 
Lab- Lab-| Lab- Lab- Lab- 
ora- ora- rea | ora- rea | ora- | | | Loaf 
ber ber ber ber ber 
ce. ce. 
1( 2 39.8 2} 32.0 5.2 3.3 1} 923 2) 975 
3 408 37.2 1| 6.5 2] 3.5 2] 884 1| 955 
4 43.8 4) 41.2 4| 7.0 4| 3.7 6| 810 { 5 | 859 
1 46.2 1} 42.5 3) 74 1 4.1 750 855 
5 50.2 5 | 44.8 5| 4.6 5} 718 6| 816 
6 53.0 6| 55.5 6} 9.9 6| 11.4 4] 619 4| 726 
7 76.2 7 | 68.0 7| 27.9 7| 23.9 7| 529 71 582 
10 78.0 70.5 10} 29.1 10 | 26.6 9| 506 { 10; 522 
9 79.8 9| 76.2 9| 32.6 9| 29.5 { 10} 466 9} 512 
8 79.8 11 | 78.0 8| 36.7 8 | 33.0 11} 462 11 | 450 
11 81.2 80.2 11} 41.6 11 | 37.0 8} 455 { 8| 436 
12 84.8 12} 82.2 12} 51.3 12 | 42.3 12} 429 435 
MEAN 62.8 59.0 22.0 18.6 629 677 
CLass 
INTERVAL 5.3 6.1 5.1 3.3 16 11 


1Samples which fall in the same class are bracketed. 


From Table VI, it will be noted that the serial arrangements of the 
two types of flours by either the “ dough development angle ” or “ weak- 
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ening area” basis of strength evaluation are in close agreement; the 
same may also be said regarding the loaf volume classifications, but the 
farinogram and baking test strength placings are not in good agreement, 
particularly for the Canadian samples. When the samples are classified 
into groups by each method of strength evaluation on the basis of sig- 
nificant differences, fewer classes result from the farinogram evaluation 
than for loaf volume; this is particularly true when considering the 
flours milled in the Brabender mill. For example, with the Brabender 
flours, by “ dough development angle” and “ weakening area” there 
are only six classes, as compared with eleven on the basis of loaf 
volume. Similarly, for the Allis-Chalmers milled flours there are eight 
classes for “ dough development angle,” seven for “ weakening area” 
and nine by loaf volume. While the greatest number of classes are 
shown by loaf volume on the Brabender milled flours, the actual differ- 
entiation on the basis of class intervals is lower than for the Allis- 
Chalmers flours, since the range in loaf volume is greater. 

Although the number of samples examined is small, strong, inter- 
mediate, and weak wheats are represented and these probably cover as 
wide a range in strength as would normally be encountered. The tests 
indicate that the Brabender wheat testing technique involving the use 
of the Brabender automatic laboratory mill and the farinograph does 
not give as good strength differentiation as that revealed by flours milled 
on the Allis-Chalmers mill and baked by the malt-phosphate-bromate 
baking test. This is believed to be due largely to its failure to satis- 
factorily differentiate between the strength of the different grades of 
Canadian wheat included in this study, which laboratory and commer- 
cial experience has shown to vary considerably. 


Summary 


Twelve samples of wheat which varied widely in milling and baking 
characteristics were employed to determine the comparative value of the 
Brabender automatic and Allis-Chalmers experimental mills for wheat 
investigations, with particular reference to the comparative strength 
placings of corresponding flours on the basis of baking and farinograph 
tests. 

Duplicate millings were made in each mill, after which the resulting 
flours were analyzed for protein, ash, and carotene content and their 
strengths determined by means of farinograph and baking tests. The 
mean flour yields were 47.3% and 67.9% for the Brabender and Allis- 
Chalmers mills, and better differentiation resulted from the latter mill 
because of its lower experimental error. 

While the mean protein contents for all flours were almost identical, 
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the Brabender milled flours were higher for the Canadian samples and 
lower for the other wheats in the series. The ash contents of the 
Brabender milled flours were invariably higher, there being a more 
marked difference with the harder wheats. With the exception of the 
Canadian samples, flour carotene was lower for the Brabender flours. 
A visual examination of the corresponding flours showed that those 
milled in the Brabender mill were distinctly grey in colour and were 
badly contaminated with pulverized bran and germ particles. These 
analyses indicate that the Brabender milled flours are much less refined 
and also vary widely in grade according to the type of wheat being 
milled. 

From the results of the baking tests, for which the malt-phosphate- 
bromate procedure was employed, it was noted that the Brabender 
milled flours were in general considerably higher in absorption, def- 
initely poorer in crumb texture, decidedly more grey in crumb colour, 
but equal in loaf appearance to the corresponding Allis-Chalmers flours. 
The mean loaf volume of all flours milled in the Brabender mill was 
629 cc. and that for the Allis-Chalmers milled flours 677 cc., which 
variance analyses showed were significantly different. The different 
wheats failed to show the same relative strengths as indicated by loaf 
volume when milled by the two procedures, due largely to the fact that 
there was a greater difference between the corresponding loaf volumes 
for the Canadian samples, which is associated with their higher content 
of mill offals which adversely affect baking strength. 

The mean “ dough development angle” and ‘‘ weakening area,” two 
quantitative measurements employed for farinogram evaluation, were 
significantly different for the Brabender and Allis-Chalmers milled 
flours but essentially the same relative results were given by both types 
of flours. As this is in contradistinction to the significant interaction 
for the loaf volume data this implies that the farinograph did not show 
as great a differentiation between flours of varying degrees of refine- 
ment as the experimental baking test. 

The serial arrangements of the two types of flours by either “ dough 
development angle” or ‘“ weakening area” were in close agreement. 
While the same was also true regarding the two loaf volume placings, 
the farinogram and baking test classifications were not in good agree- 
ment, particularly when considering the Canadian samples. Classifying 
the wheats into groups by each method of evaluation on the basis of 
significant differences indicated that less differentiation resulted from 
the farinogram evaluations, particularly in the instance of the Brabender 
milled flours. 
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The tests completed indicate that the Brabender wheat-testing tech- 
nique, involving the use of the Brabender automatic laboratory mill and 
the farinograph does not give as good strength differentiation as that 
revealed by flours milled in the Allis-Chalmers mill and baked by the 
malt-phosphate-bromate baking test. 

The Brabender automatic laboratory mill is on and rapid in 
operation but the process appears to be too short to produce a flour of 
satisfactory refinement for strength tests with hard Canadian wheats. 
The limited tests carried out suggest that the Brabender technique is 
more suited for the testing of wheats of intermediate and low strength. 
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THE USE OF LARD IN CAKE BAKING 


Dorotuy G. BERRIGAN 


North Dakota Agriculture Experiment Station, Fargo, North Dakota 
(Received for publication November 6, 1936) 


The purpose of this paper is to present the results obtained in a 
cooperative unit of work carried on between the Milling and the Home 
Economics Research Departments of the North Dakota Agricultural 
College. The fact that packers have been very much alarmed in the 
last few years by the greatly increased sales of hydrogenated shortenings 
for use in bakery products, and the corresponding decrease in the sale of 
lard, acted as an incentive for work on a study of the use of lard in 
baked products. Work was directed toward the attainment of a product 
made from lard that would be comparable to that obtained from a 
hydrogenated fat. In this paper the results obtained will be sum- 
marized. 

Work was begun at the North Dakota Station by using the procedure 
and formula developed by the American Association of Cereal Chemists 
for the testing of cake flour. This formula uses dried milk and dried 
egg albumin so that results can be readily replicated. A high grade of 
flour was used in all of these tests. Two different types of hydro- 
genated vegetable shortening and a hydrogenated lard were used. The 
lard used was a good grade of commercial kettle-rendered lard. 

Work was conducted in the cereal chemistry laboratory where con- 
stant temperature cabinets were used to store the ingredients. A Ho- 
bart electric mixer, a Despatch electric oven, and a MacMichael viscosi- 
meter were used. A work and data sheet, as well as a standard score 
sheet, were used in all of the tests. Ingredients were weighed and 
stored overnight in a 25° C. cabinet. The next day the ingredients 
were combined. All the ingredients except the cream of tartar were 
added and mixed in a two-quart mixer. The mixing time was stand- 
ardized. The cream of tartar was added last and stirred in for 14% min- 
utes at medium speed.’ 325 g. of the batter was weighed into each of 
two counter-poised, paper-lined pans (24% & 3% & 7% inches), and 
baked in controlled ovens. In order that the original flavor of the fat 
would not be masked, no additional extract flavoring was added to 
these cakes. The baked products were weighed, measured, and scored 


1R. P. M.: Low, 120; Medium, 210; High, 380. 


| 


THE USE OF LARD IN CAKE BAKING 
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CAKE NO. 1 


Cake No. 1—A.A.C.C. Formula with Hydrogenated Fat 
Cake No. 2—A.A.C.C. Formula with Kettle-Rendered Lard 
Cake No. 3—Revised Formula with Kettle-Rendered Lard 


Figure 1. Cake prints illustrating use of hydrogenated shortening and kettle-rendered lard. 


the day following the baking. Records were made of room and batter 
temperature, viscosimeter readings, weight and volume of baked prod- 
ucts, as well as score sheets of the baked products. Volumes were 
taken by means of a seed displacement apparatus commonly used for 
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obtaining loaf volume of bread. Ink prints were taken of all cakes as 
a reference on texture and cell structure. 

Comparisons of results with different shortenings, using the Ameri- 
can Association of Cereal Chemists’ formula, gave acceptable results 
with the hydrogenated fats, but the first lard cakes resulted in a batter 
of low viscosity, off color, and gave a baked product of low volume, 
poor internal texture and crumb, shiny crust, and an intense lard flavor 
and odor. 

The following prints (Figure 1) of actual cakes made with lard and 
with a hydrogenated fat show results obtained in the first series of tests. 
It should be noted that the ingredients, except shortening, and the ex- 
perimental procedure were identical in cakes 1 and 2. Cake 3 shows the 
results of the revised formula and procedure—using lard as the fat. 

In Table I are listed the relative viscosity of the batters, volume of 
the baked cakes, and the judges’ scores. 


TABLE I 
ReEsuLts UsiInG THE STANDARD A.A.C.C, FoRMULA 


Initial Volume 
viscosity of cakes 


Ce. 


Hydrogenated vegetable fat 743 90 
Hydrogenated animal fat 657 87 
Kettle-rendered lard 608 70 


The appearance of the batters was quite different. The kettle- 
rendered lard batters were consistently greyish in color and very thin, 
the latter characteristic being indicated by the low viscosity number. 
The hydrogenated animal fat batters were intermediate in this respect. 
_ The hydrogenated fats have greater absorption power—thereby produc- 
ing a stiffer batter. 

In order to compensate for the greater absorption of the hydro- 
genated shortening, the quantity of lard was next stepped up. 

By increasing the amount of fat, a batter with a materially increased 
viscosity was obtained. It was found that a batter with a high initial 
viscosity, or stiffer consistency, usually resulted in a baked product 
which scored higher than that from a batter of low initial viscosity. 

The batter from this formula although still off-color and _ slightly 
thin, showed a marked indication of improvement over the original 
formula, as will be noted from the judges’ score—a difference of 14 
points with the increased lard cake. (See Table II.) 

Since fat has a tendency to decrease the consistency, it was found 
necessary to decrease proportionately the amount of liquid with any 
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TABLE Il 


Errect oF READJUSTING LARD CONTENT 


Initial Volume 
viscosity of cakes 
Ce. 


Standard formula (with lard) 608 
Lard increased 30 g. 630 
Lard increased 60 g. 647 


increase in the amount of fat.used. By decreasing the amount of mois- 
ture, we obtained a batter of a whiter color, of considerably higher 
viscosity, and with less lard flavor and odor apparent in the baked 
product. (See Table IIT.) 


TABLE III 


EFFECT OF READJUSTING MOISTURE CONTENT 


Initial Volume 
viscosity of cakes Score 


°MacM. 


Standard formula 211 70 
Moisture reduced 20 cc. 379 80 
Moisture reduced 40 cc. 532 86 


As an increase in the quantity of fat and a decrease in the moisture 
content as called for by the standard formula appeared to improve the 
product, the next logical step was to decrease the moisture as the lard 
content was increased in the formula. 

This combination resulted in increasing both the viscosity of the 
batter and the volume of the cake, as well as the final cake score, as 
can be seen from Table IV. The internal texture was likewise much 
improved. Each test, so far, has had but one variation from the 
standard formula. On finding a definite improvement in cake quality 
by using an increased amount of lard and a decreased amount of liquid, 
this improved composite formula was used in subsequent experiments. 


TABLE IV 


Errect oF MoIstTUuRE REDUCTION ON THE INCREASED LARD FORMULA 


Initial Volume 
viscosity of cakes Score 


Standard formula 70 
Increased lard 8&4 
Reduced moisture 86 
Increased lard—Reduced moisture 87 
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Score 
70 
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°MacM. Ce. 


July, 1937 DOROTHY G. BERRIGAN 529 


The effect of the albumin content was next investigated; both in- 
creased and decreased quantities of the ingredient being used. Varia- 
tions in method of incorporating the various ingredients were studied 
with the results as shown in Table V. 


TABLE V 


EFFECT OF READJUSTING THE ALBUMIN CONTENT 


Initial Volume 
viscosity of cakes Score 


°MacM. 
Increased lard—Reduced moisture 540 87 
Increased albumin 223 60 
Decreased albumin 694 55 


On increasing the albumin, it will be noticed that both the viscosity 
of the batter and the volume of the cake were reduced and that there 
was a tendency toward a tougher cell structure. A decreased amount 
of albumin, although increasing the viscosity, gave a baked product of 
poor internal texture. As both the additional and reduced amount of 
albumin gave negative results, the standard amount of albumin was 
used in further tests. , 

Variations in combining the ingredients was next attempted. Alter- 
nating the addition of dry and liquid ingredients with various mixing 
periods had a tendency to increase the viscosity of the batter but the 
final cake volume was reduced and the crumb of the cake was coarse and 
maintained a strong lard flavor and odor. The final addition of the 
albumin, although lowering the viscosity, did increase the final volume. 
The data found in the experiment are shown in Table VI. 


TABLE VI 


VARIATION IN COMBINING INGREDIENTS 


Initial Volume 
viscosity of cakes Score 


Ce. 


Increased lard—Reduced moisture 686 87 
Alternating ingredients 659 66 
Albumin added last 701 74 


It was felt that the thinning of the batter might be due to an antag- 
onistic reaction of the albumin and the fat. Batters thus far had had a 
tendency to thin considerably on the addition of the albumin. In the 
next trials the albumin was beaten separately and added after the dry 
ingredients had been thoroughly mixed. An improvement was noted in 
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the volume and the crumb of the baked product. It appeared probable 
that if more body could be given to the albumin, it would not separate 
as readily and thin out on being added to the cake batter. A meringue 
was therefore made. Various proportions of sugar were used, and it 
was found that one-fourth the initial amount of sugar added to the 
beaten albumin gave a meringue of excellent texture. This meringue 
was added during the last one-half minute of the mixing process. 

This addition of the albumin in the form of a moderately stiff 
meringue increased the viscosity, improved the color and the texture of 
the batter, and increased the volume of the baked product. The flavor 
of the cake was much improved. With the addition of a meringue it 
was found necessary to reduce the oven temperature in order to obtain 
a crust of the desired color and texture. (See Table VII.) 


TABLE VII 


RESULTS WITH THE MERINGUE METHOD 


Initial Volume 
viscosity of cakes 


°MacM. 


Increased lard—Reduced moisture 540 
One-third initial sugar 900 
One-fourth initial sugar 773 


In conclusion it should be pointed out that by modifying the standard 
American Association of Cereal Chemists’ formula and method of 
procedure, a lard product comparable in viscosity of batter and volume 
of cake to that obtained with a hydrogenated product can be made. 
Data on this point are shown in Table VIII. Prints of typical cake are 
shown as Figure 1. 


TABLE VIII 


COMPARISON OF ORIGINAL WITH REVISED FORMULA AND METHOD 


Initial Volume 
viscosity of cakes 


°MacM. 
Hydrogenated vegetable fat 694 
Hydrogenated animal fat 447 
Standard lard formula 211 
Revised lard formula 773 


Summary 


In order to obtain good results with lard as the shortening, the sev- 
eral following factors should be taken into consideration : 


Ce. 
686 87 
690 73 
700 89 
Ce. 
743 90 
657 87 
608 70 
700 89 
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When using lard, it is necessary to increase the amount of fat used. 

That tests seem to indicate a relation between the viscosity of the 
cake batter and the volume and quality of the resulting cakes. Cakes 
made by this standard formula and having high initial viscosity proved 
to have good volume and crumb texture, while those having low initial 
viscosity showed small volume and poorer texture. 

It is necessary to decrease the amount of liquid in order to obtain 
as high a viscosity as that of a hydrogenated fat. 

The amount of sugar must be reduced. 

When combining hydrogenated fats and the other dry ingredients, 
equally good results should obtain when all the ingredients are mixed 
simultaneously. 

That lard and an excess amount of egg albumin appear to have an 
antagonistic reaction and that the viscosity and volume are greatly re- 
duced when all the ingredients are mixed at one time. 

By reserving the albumin and part of the sugar—to be used as a 
meringue—both the viscosity and the final volume are increased con- 
siderably. But in so doing, it is also necessary to reduce the oven tem- 
perature to get a crust of the proper color and texture. 

When less sugar, less liquid, and more lard are used, and the albumin 
is added in the form of a meringue after the dry ingredients have been 
thoroughly mixed, a comparable product can be obtained when lard is 


used as the shortening. 


La 


BARLEY AND MALT STUDIES: III. THE DETERMINA- 
TION OF KERNEL WEIGHT ' 


H. L. SuHanps ? 


University of Wisconsin, Madison, Wisconsin 
(Read before the American Association of Cereal Chemists at Dallas, Texas, June 5, 1936) 


Introduction 


The kernel weight of barley before and after malting is considered 
by certain research workers to be a valuable index of malting quality. 
In connection with the cooperative barley and malt research program 
being carried on at the Wisconsin Agricultural Experiment Station, this 
character is to be used in determining its possible relationship with 
some other physical as well as chemical characteristics of malt. The 
official malt analysis method for determining kernel weight is that of 
determining the weight in grams of a single sample of 500 kernels and 
reporting on 1,000 kernel basis. The present studies were undertaken 
to determine the smallest economical size of sample to use and remain 
within certain limits of accuracy, and also the possible relationship be- 
tween large, intermediate, or small kerneled samples of barley or malt 
and accuracy. The results are reported in milligrams per kernel. The 
desirability of reporting kernel weight in milligrams per kernel rather 
than grams per 1,000 kernels is offered for consideration. 


Materials and Methods 


The original plan was to study in detail three lots of barley: one large 
kerneled, one intermediate, and one small. Malts derived from these or 
similar barleys were to be studied in the same way. However, after 
counts and weights were made, additional experiments were planned to 
account for some of the observed facts. 

Two methods were used in determining the standard deviation of the 
weights of the different sample sizes for the three lots of barley. The 
first method consisted of dividing successively, with a Poerner divider, 
a sample of barley (or malt) containing approximately 6,400 kernels 
until it was reduced to 64 smaller portions of approximately 100 kernels 
each. The weight per 100 kernels for each portion was obtained by 


1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station. 
2 The writer wishes to express his appreciation for advice and helpful suggestions given by Dr. 
G. A. Wiebe, Dr. C. H. Goulden, and Mr. J. H. Torrie. 
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use of an analytical balance. The weight and standard deviation per 
kernel were calculated for 100 kernel lots using the 64 determinations. 
The weight and standard deviation per kernel for the 200, 400, 800, and 
1,600 kernel lots were calculated from 32 groups derived by combining 
at random a sufficient number of the 100 kernel lots. The data are 
recorded in Table 1, with the standard deviation charted in Figure 1.° 
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NUMBER OF KERNELS USED IN SAMPLES 


Figure 1. Standard deviations in samples of different sizes, reported in milligrams per kernel. 
Solid line, observed standard deviations; dotted line, expected standard deviations. 


For the second method, 16 samples of barleys each containing ap- 
proximately 3,200 kernels were used. Each sample was divided once 
with the Boerner divider; from one-half, the weight of 1,600 kernels 
was obtained. The other half of each sample was redivided; and the 
weight obtained for 800 kernels. This procedure was continued until 
there was one sample of each lot of 400, 200, 100, and two of 50 kernels. 
The means and standard deviations expressed on the basis of milligrams 


* Figures 1 and 2 were prepared by Eugene Herrling. 
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per kernel were calculated for the different sample sizes and recorded 
in Table II. 

The material used in the previous experiment was further analyzed 
after making sizing separations. The samples were sized into three lots 
namely: (1) those kernels passing over a sieve with %, by 4 inch 
slotted perforations, (2) those passing through a %%;4 by *4 inch and 


TABLE I 


MEAN AND STANDARD DEVIATION FOR SINGLE DETERMINATIONS, IN MILLIGRAMS, ON 
SINGLE KERNEL BASIS FOR DIFFERENT SIZE SAMPLES OF A LARGE, 
INTERMEDIATE, AND SMALL KERNELED BARLEY OR MALT 


Number of determinations 


64 32 | 32 32 32 
Barley or malt number Number of kernels in sample 

100 200 400 800 1600 
M'! |S.D.2z; M |S.D.} M M |S.D.| M |S.D 
Barley No. 350 observed 42.42)1.114 | 42.33) .631 | 42.42) .405 | 42.46) .298 | 42.43) .288 
expected .785 ‘557 278 
Malt No. 667 observed 33.95) .699 | 33.86) .521 | 33.91) .426 | 34.03) .259 | 33.92) .162 
expected 494 349 .247 
Barley No. 336 observed 33.78] .726 | 33.79] .416 | 33.76} .340 | 33.77] .218 | 33.75} .162 
expected .513 .363 .257 -181 
Malt No. 166 observed 30.85) .687 | 30.68) .490 | 30.81) .320 | 30.82) .214 | 30.84) .184 
expected 485 .343 .243 
Barley No. 341 observed 22.73) .510| 22.75) .408 | 22.80) .248 | 22.76| .163 | 22.77} .133 
expected 361 .255 .180 127 
Malt No. 604 observed 19.93) .536 | 19.89) .391 | 19.93) .274 | 19.91; .191 | 19.96| .109 
expected 379 .268 .189 .134 


1M = Mean in milligrams per kernel. 
2S.D. = Standard Deviation in milligrams per kernel. 


TABLE II 


MEAN AND STANDARD DEVIATION, IN MILLIGRAMS PER KERNEL, FOR SINGLE 
DETERMINATIONS CALCULATED ON 16 Lots oF Eacu SizE SAMPLE 


Number of kernels 


Barley or malt Calcula- 
number tion | 
50 50 100 200 400 800 = 1600 
Barley No. 350 Mean 41.41 | 41.86 | 41.61 | 41.47 | 41.17 | 41.58 | 41.51 
Standard Deviation 1.699 1.739 778 1.138 .796 -392 .736 
Barley No. 336 Mean 32.85 | 32.81 | 32.84 | 32.89 | 32.60 | 32.83 | 32.83 
Standard Deviation .730 .708 412 .207 .236 .154 
Barley No. 341 Mean 22.82 | 22.42 22.62 | 22.62 | 22.52 | 22.37 22.43 
Standard Deviation .847 864 .569 .580 .388 .289 .255 


Malt No. 166 Mean 31.12 | 31.02 | 30.81 | 30.65 | 30.66 | 30.57 | 30.51 
Standard Deviation .583 487 .292 .264 -161 -113 
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over a %q4 by %4 inch perforated sieve, and (3) those passing through 
a °¢4 by % inch perforated sieve. The amount used in this phase of the 
study was 500 g. per sample. The percentage of each sample falling 
into these three size separations is recorded in Table III. The original 


TABLE III 


KERNEL SEPARATIONS OF BARLEYS AND MALTs STUDIED. MEAN AND STANDARD 
DEVIATION REPORTED IN MILLIGRAMS PER KERNEL. DETERMINATIONS 
BASED ON A ToTaL OF 100 KERNELS WEIGHED INDIVIDUALLY 


Original lot Large separate Intermediate separate Small separate 
Barley or malt S.D. S.D. | Per S.D. | Per S.D. | Per 
number single single |cent of single |cent of single |cent of 
Mean} deter- | Mean} deter- | origi- | Mean) deter- | origi- | Mean| deter- | origi- 
mina- mina- | nal mina- | nal mina- | nal 
tion tion lot! tion lot? tion lot® 


Barley No. 350 | 44.344) 13.56 | 52.70) 8.61 78.5 | 33.70) 5.45 17.9 | 23.10) 4.97 3.6 


Malt No. 667 34.78| 7.75 | 36.50! 5.83 90.4 | 25.60) 4.16 94 trace 
Barley No. 336 | 34.53| 6.24 | 37.30| 5.52 81.1 | 27.80] 3.77 18.6 3 
Malt No. 682 30.68 | 6.00 | 32.10) 4.66 90.9 | 23.10) 3.88 8.9 trace 
Malt No. 166 33.50} 6.37 96.5 | 21.40) 4.94 3.4 trace 
Barley No. 341 | 22.69} 6.44 | 30.64) 4.78 14.5 | 26.35| 4.01 50.0 | 19.38} 3.15 35.5 
Malt No. 604 21.13 | 4.47 25.00) 4.14 52.7 | 18.60] 2.91 40.5 | 13.30 1.95 6.8 


1 Kernels passing over a screen 6/64 X 34 inch. 

? Kernels passing through a screen 6/64 X %4 inch and over a screen 5/64 X 14 inch. 

3 Kernels passing through a screen 5/64 X 4 inch. 

4The kernel weights reported in the different tables do not necessarily agree, possibly because of 
use of different types of balances necessitated by the several series. 


TABLE IV 


MEANS AND STANDARD DEVIATIONS OF SINGLE DETERMINATIONS BASED ON 16 Lots 
oF 100 KERNELS EACH, REPORTED IN MILLIGRAMS PER KERNEL. BARLEY 
AND MALT FROM MALT Houses 


Expected 
Mean Standard point on 
Sample Description weight deviation 400 kernels 
Barley No. 
379 Wis. Ped. 38 A 28.24 552 781 
380 Oderbrucker B 29.64 470 .665 
381 Oderbrucker A 29.73 539 762 
382 Ped. 38 B 28.53 551 .780 
383 South Dakota A 36.74 450 .636 
385 Choice Minnesota 30.22 464 .656 
386 Fancy Minnesota 33.68 728 1.030 
387 Standard Minnesota 24.20 568 803 
388 Wisconsin No. 2 24.47 608 859 
389 Wisconsin graded 33.82 728 1.029 
390 Minnesota standard 26.44 404 571 
391 Wisconsin large berry 32.25 .929 1.314 
392 Wisconsin 5! 27.19 622 .879 
Malt No. 
769 From barley 380 25.14 491 695 
770 From barley 381 25.21 .620 .862 
771 From barley 379 24.46 348 492 
772 From barley 382 24.50 456 645 
778 From barley 386 28.90 408 577 
784 From barley 391 27.69 .569 -804 


785 From barley 392 24.87 673 .952 
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samples and the separates were further studied by obtaining the indi- 
vidual kernel weight of 100 kernels in each lot. Means and standard 
deviations were calculated in milligrams per kernel and are recorded in 
Table ITI. 

The mean and standard deviation per kernel of a number of samples 
secured from malt houses were obtained by dividing the samples into 
16 100-kernel lots. The 5% point on 400 kernel basis was also caleu- 
lated, with the results being recorded in Table IV. 


Results 


The data in Table I show that barley No. 350, which is a large 
kerneled Trebi sample, has a mean weight of 42.42 mg. per kernel with 
a relatively large standard deviation; more than 1 mg. per kernel for 
the 100 kernel lots. As would be expected the standard deviation found 
in the 200 kernel lots is lower than that of the 100 kernel lots, which is 
further reduced in each of the successively larger sized samples. The 
reduction in standard deviation in the larger samples is somewhat more 
than would be expected, except for the 1,600 kernel lots. Malt No. 667, 
derived from barley No. 350, has a standard deviation of 0.699 mg. per 
kernel for the 100 kernel lots. The standard deviations again are re- 
duced for the successively larger sized samples; however, for the 400 
kernel group this reduction is somewhat less than expected. Barley 
No. 336 is a sample of Pedigree 38 barley which had previously been 
cleaned in ordinary farm operations. The cleaning loss was relatively 
low in this barley. The standard deviations obtained for this barley are 
smaller than those of barley No. 350 and are less than expected in the 
larger samples. Likewise, the standard deviations of malt No. 166, 
malted from Pedigree 38 grown at Madison during the summer of 1934, 
are also small when compared with those of barley No. 350. It will be 
noted that barley No. 350 consists of relatively large, No. 336 inter- 
mediate, and No. 341 small kernels. The mean kernel weight of No. 
341 is 22.73 mg. with a standard deviation of 0.510 mg. for a 100 kernel 
size sample, which is reduced for the successively larger samples. Malt 
No. 604 derived from barley No. 341, shows standard deviations simi- 
lar to those observed for barley No. 341. 

In Table II the standard deviations are based on 16 determinations, 
rather than on 64 or 32 as in Table I. Certain irregularities are noted 
but in general the standard deviations were reduced in the larger sam- 
ples. The observed deviations would probably have been nearer the 
expected had a larger number of determinations been used. 

The results of sizing the barleys and malts given in Table III show 
that the three malts have higher percentages in the large kernel class than 
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did the barley from which they were malted. This is to be expected 
because barley swells during the malting process, and upon drying re- 
mains somewhat enlarged. Barley No. 336 has less spread when sized 
than the other barleys. The kernel weight for the large, intermediate, 
and small separates of barley No. 350 are 52.70, 33.70, and 23.10 mg. 
respectively, while that of the original lot is 44.34 mg. Since a large 
portion of the sample passed over the larger sieve, and also has a high 
weight, there is reason to believe that this portion could have been 
further separated were a still larger sieve available. In other words, it 
is probable that there is considerable lack of uniformity of kernel size 
remaining in the large kernel group. This is indicated in the frequency 
curve in Figure 2 where the weights of 100 large kernels are charted. 
It will also be noted that the chart in Figure 2 shows less variability in 
the sized samples than in the original lot. In contrast to the lack of 
uniformity in barley No. 350 in the original lot, malt No. 682 shows 
considerable uniformity in the non-sized lot. Using the standard devia- 
tion as a measure of variability, the uniformity is still greater in the 
separated lots. In the lots of barley and malts studied the ratio of the 
standard deviation to mean is much larger in the original lots than in 
the separates. Barley No. 350 has a standard deviation of 13.56 mg. 
per kernel for single kernel determination in the original lot with a 
reduction to 8.61, 5.45, and 4.97 mg. in the large, intermediate, and small 
separates respectively. Likewise, there is a reduction in the standard 
deviation in the sized lots of the other barleys and malts. In the sized 
lots the mean and standard deviation ratio is about constant for the 
different separations. 

The barleys and malt obtained from malt houses have kernel weights 
ranging from 24.20 to 36.74 mg. and standard deviations from 0.348 to 
0.929 mg. per kernel in 100 kernel lots. The standard deviations com- 
pare favorably with, although a little greater than, those obtained in the 
sized lots of the malts previously mentioned. See Table IV. 


Discussion 


By comparing standard deviations given in Table III, it will be seen 
that a reduction in standard deviations is effected by sizing in every case. 
This rather definitely indicates that kernel uniformity in the original 
sample has an important bearing on the standard deviations. This sug- 
gests that the relative variability is of more importance than the original 
kernel weight of samples. 

By examining the data given in Tables I and IT, it will be noted that 
with certain possible exceptions, the standard deviations are reduced in 
the larger size samples. However, when efficiency of determining 
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kernel weight is to be considered it will be seen that rather reliable 
results may be obtained by using the 400 kernel level in determining the 
kernel weight. In using 400 kernels in determining kernel weight, and 
reducing to single kernel weight for most barleys or malts, a difference 
of 1 mg. or possibly less will be significant in 95% of the cases. This is 
generally true unless wide variations in the kernels exist. In other 
words, 1 mg. difference in kernel weight between two samples of barley 
or malt, when the kernels have been divided down by the Boerner di- 
vider, will in all probability denote a difference that is significant. 

The minimum difference required to be significant at the 5% point 
using 400 kernels of barley and malts from malt houses gave a range of 
0.492 to 1.314 mg. with the average being about 0.770 mg. This sug- 
gests the feasibility of using 400 kernels, reducing to weight per kernel 
in milligrams, and still maintaining an accuracy within a milligram per 
kernel in determining kernel weight; this is equivalent to an accuracy 
of a gram per thousand kernels. 


THE NEUTRALIZING VALUE OF MONOCALCIUM 
PHOSPHATE 


C. S. Kinc 


Blockson Chemical Co., Joliet, Illinois 
(Received for publication May 6, 1937) 


The present official methods used in determining the neutralizing 
value of monocalcium phosphate give results which are more or less 
a problem to interpret for practical use. These methods, titrations with 
NaOH, seem to have developed many slight variations through justi- 
fiable interpretations, to bring out individual advantageous reaction 
characteristics of certain phosphates. Analyses of one phosphate in- 
volving several techniques will result in nearly as many different values. 
On some phosphates these analyses will be directly parallel to baking 
results, but on other phosphates the variations will give values which 
have no correlation to baking results. Some analysts regularly per- 
forming these determinations have been prompted by such incon- 
sistencies to consider more the actual baking results than the determined 
neutralizing value as a measure of the reaction equivalent of a phosphate 
in terms of bicarbonate of soda. 

Because of the lack of correlation in some determinations it is logi- 
cal to assume that the reaction involved in the neutralization of mono- 
calcium phosphate with NaHCO, must have certain limitations or char- 
acteristics which are not measurable by the present NaOH titrations. 
A comprehensive study of the reaction of crystalline monocalcium 
phosphate of theoretical composition with NaHCO, of the same purity 
should precede any attempt to concede to any method a distinction on 
certain merits or even to conclude that the neutralizing value of an acid 
reacting substance such as monocalcium phosphate can be determined 
with such a strong base as NaOH and give a value, a fundamentally 
representative measure of the reaction with such a feebly basic salt as 
NaHCO,. Considering the chemical nature of flour it is not proper to 
conclude that the ratio of NaHCO, to monocalcium phosphate which 
yields a baked product of the desired pH represents the equivalent re- 
action weights of these two substances. 

The term neutralizing value is used to represent the purity of the 
phosphate in terms of its reaction with NaHCO, and to represent the 
amount of NaHCO, which should be reacted with 100 pounds of the 
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phosphate to yield a product of approximately 7 pH on baking. It 
is a coincidence that these two expressions represent nearly the same 
NaHCO, value in most cases, but the relationship when thoroughly 
understood shows the need of specification and distinction. There is 
no possibility of any monocalcium phosphate monohydrate approaching 
a reaction equivalent of 80 pounds of NaHCO, per 100 pounds of 
phosphate with 7 pH as neutrality. 


Fundamental Considerations 


1. The reaction between crystalline monocalcium phosphate of the- 
oretical composition and NaHCO, of the same purity will give a neu- 
tralization expressing the limiting neutralizing value of any monocalcium 
phosphate. 

2. Such factors that specifically define the limits of the reaction be- 
tween monocalcium phosphate and NaHCO, must be determined and 
these factors are essential in the definition of neutralizing value. 

3. Any determination used to measure the neutralizing strength of 
a phosphate should give results identical to the reaction of that substance 
with NaHCO, and these results should give a direct correlation to 
baking results. 

4. If the equation 


3Ca(H,PO,), + 8NaHCO, > 
Ca,(PO,), + 4Na, HPO, + 8CO, + 8H.O 


represents equivalent weights of the two reacting substances, then the 
neutralizing value of pure monocalcium phosphate is 88.88. 

5. The calcium compounds produced in the reaction of NaHCO, 
with a phosphate can only be water insoluble and the sodium compounds 
water soluble. Since in the final analysis the only phase of major con- 
cern is the water soluble phase, a study of the sodium salts produced 
should be of primary importance. 


The Water Soluble Phase 


In the reaction of monocalcium phosphate with NaHCO, two sodium 
phosphates may exist, and since the reaction is not instantaneous but 
progressive through a series of complex reactions, the relationship of 
these two salts may be shown as: 


NaH,PO, + NaHCO, — Na,HPO, + CO, + H.O. 


It is common knowledge that Na,HPO, will not react with NaHCO, 
to liberate CO,, and, therefore, a study of the water soluble phase is 
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limited to the reaction of NaH,PO, with NaHCO,. If the reaction 
between gram molecular weights of NaH,PO, and NaHCO, is com- 
plete, there will exist only Na,HPO,, resulting in a solution with a 
specific pH predeterminable when the P,O, concentration is known. 
For the purpose of experimentation, special NaH.PO, and 
Na,HPO, were prepared by three fractional recrystallizations of c.p. 
salts. The purified crystals were dried to constant weight, yielding the 
anhydrous salts of theoretical composition. Reagent grade NaHCO, 
was purchased for use in all experiments involving NaHCQ,. 
According to Kolthoff and Furman (1926) the pH of a Na,HPO, 
solution should be close to 9.3. If the reaction between gram molecular 
weights of NaH,PO, and NaHCO, does not reach an equilibrium be- 
fore all the CO, is liberated, the pH of the resulting solution must ap- 
proach 9.3. In order to determine the extent of this reaction, maxi- 
mum CO, displacement was effected by reacting 1 gram of NaH,PO, 
with various weights of NaHCO,, including the gram molecular equiva- 
lent and boiling 10 minutes in 25 cc. H,O. After cooling, the solutions 
were diluted to 100 cc. and the pH values determined. These solutions 
were then acidified with 50 cc. .2 N H,SO,, boiled to expel any CO, 
present, cooled; and 50 cc. .2 N carbonate free NaOH were added. 
Again the pH of each solution was determined. 


TABLE I 


pH or Reactep SoL_utions oF NaH,PO, anp NaHCO; BErore AND AFTER 
TREATMENT TO REMOVE CO, 


pH of original pH after NaOH 
Nall,PO, NaHCO, solution equivalent 


g. 


1 0.7 8.20 8.90 
1 68 8.00 8.30 
1 67 7.90 8.08 
1 66 7.85 7.95 


The P.O, concentration of the original solutions was approximately 
04 M. Using this concentration, a solution of the Na,HPO, salt 
previously described resulted in a 9.25 pH. Complete displacement of 
CO, from .7 g. NaHCO, by 1 g. NaH,PO, would have resulted in a 
solution of the same pH. It is concluded that equilibrium is established 
before gram molecular weights of NaH,PO, and NaHCO, have reacted, 
leaving a residue of CO,. Boiling the original solutions may have con- 
verted some NaHCO, to Na,CO, with CO, loss, but no Na,O was lost 
and the rise in pH after treatment with H,SO, and NaOH could be the 
result of either of two effects: 
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1. Dilution. 
2. Neutralization of H,SO, by a sodium carbonate, resulting in an 
actual acidity loss (H,CO,) by the evolution of CO,. 


To determine the effect of dilution, the pH of solutions containing 
definite ratios of NaH,PO, and Na,HPO, at corresponding P.O, con- 
centrations was determined. 


TABLE Il 


THe Errect oF P20; CONCENTRATION ON THE pH or VARIOUS RATIOS OF 
NaH.PO, AND NasHPO, 


Composition of solution pH 


P,Os present P.O; present 


as as NaH,PO, O5 M. P2Os 025 M. 0125 M. P.O; 

€ 

/0 

100 0 9.22 9.28 9.34 

90 10 7.80 7.88 7.94 

80 20 7.44 7.51 7.59 

70 30 7.23 7.30 7.38 

60 40 7.02 7.10 7.17 

50 50 6.89 6.93 7.02 

40 6.70 6.78 6.83 


The rise in pH on diluting a .04 M. P.O, solution of the type described 
to .02 M. does not exceed .1. Therefore, the weight of NaHCO, with 
which 1 g. of NaH,PO, will completely react to liberate CO, is .66 to 
.07 g., and the pH approached by the solution as equilibrium is estab- 
lished is 7.9 to 8.0 at .04 to .02 M. P.O, concentration. If the amount 
of NaHCO, reacted with NaH,PO, results in a solution of over 8.0 pH 
at .02 M. P,O, concentration, the reaction equivalent of the NaH,PO, 
for CO, liberation has been exceeded. 

The results of these experiments on sodium phosphate have a great 
significance in the reaction of monocalcium phosphate with NaHCO, 
because the water soluble P.O, wilk be affected by the same reaction 
limits and the evolution of CO, will cease as the pH exceeds 8.0. 


Reaction of Theoretically Pure Crystalline Monocalcium 
Phosphate 


In deciding upon a method for the reaction of monocalcium phos- 
phate with NaHCO, the official procedure for residual CO, was con- 
sidered, but after a series of experiments it was discovered a shorter 
procedure could be used with identical results for this particular pur- 
pose. Monocalcium phosphate was prepared according to Clark (1931). 
The crystals contained no free acid and only the portion passing through 
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a 60 mesh screen was used in the experiments. This portion was of the 


following purity : 


% CaO % POs 
Prepared crystals 22.20 56 32 
Theoretical 22.23 56.33 


The procedure developed and used as a means of studying the reac- 
tion of pure monocalcium phosphate with NaHCO, is as follows: 

One gram of the prepared monocalcium phosphate crystals and the 
desired reaction weight of NaHCO, were weighed into a clean dry 
125 cc. Erlenmeyer flask; the two were mixed thoroughly in the dry 
state; 20 cc. H,O were added and the samples allowed to stand 5 min- 
utes with occasional stirring by rotating the flask. The sides of the 
flask were washed with a few cc. H,O, and the samples were boiled 3 
minutes with the solution being well mixed during heating and boiling. 
The solution was filtered hot into a 500 cc. Erlenmeyer flask and the flask 
and filter were washed 6 to 8 times with hot H,O. The precipitate was 
analyzed for P,O, and CO, content. The filtered solution of approxi- 
mately 125 cc. volume was cooled and the pH determined. This solu- 
tion was acidified with 48.8 cc. .2 N H,SO, and boiled to expel any CO, 
present. After cooling, 48.8 cc. .2 N carbonate free NaOH were added, 
the pH determined and the solution titrated to 8.1 pH with either H,SO, 
or NaOH as was necessary. 


TABLE III 


‘TABULATION OF RESULTS OF EXPERIMENTAL Stupy. REACTION BETWEEN PURE 
CRYSTALLINE MONOCALCIUM PHOSPHATE AND BICARBONATE OF SODA 


H aft 
2/10 N equivalent 2/10 N Excess _Defi- P2053 Residual N.V. 
Jing HsSO¢ | in ppt.) COs!" | cate. 
added 
& g. Ce. ce g. g- 
1.0 .700 7.01 | 48.8 7.03 56.9 -- -136 |.2050| .0050 | 83.6 
1.0 | 7.14 | 48.8 7.17 55.6 114 |.2035 84.4 
1.0 | .750 | 7.22 | 48.8 7.26 54.6 —_ 84.7 
1.0 .760 7.28 | 48.8 7.30 54.1 _— .2020 | .0050 | 84.9 
1.0 | .790 | 7.43 | 48.8 7.47 52.3 —_— 
1.0 800 | 7.47 | 48.8 7.52 51.9 =: 
1.0 .820 | 7.63 | 48.8 7.68 50.5 —_ 
1.0 | .850 | 7.91 | 48.8 7.97 49.2 — 
1.0 855 7.95 | 48.8 8.02 49.0 _— 
1.0 860 | 8.02 | 48.8 8.09 48.8 -000 
1.0 | .865 | 8.10 | 48.8 8.25 48.4 .007 
1.0 870 | 8.17 | 48.8 8.44 48.0 .013 
1.0 880 | 8.34 | 48.8 8.90 47.5 .022 
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It may readily be seen that at a pH of 8.0 or less in the filtered solu- 
tion there were only sodium phosphates present as the treatment with 
H,SO, and NaOH did not result in a pH rise greater than the dilution 
effect, but as 8.0 pH was exceeded, excess CO, was present in the solu- 
tion, the same effect as observed in the reaction of NaH,PO, and 
NaHCO,. If the amount of NaHCO, reacted with monocalcium phos- 
phate results in a solution which exceeds 8.0 pH at a concentration of 
1 g. of the phosphate in 125 cc. H,O, or approximately 8.1 pH at a 
volume of 250 cc., the NaHCO, is present in excess of the neutralizing 
value of the phosphate. The true neutralizing value of the pure salt lies 
between 85.7 and 86.0. Thus, 86 pounds of pure NaHCO, will react 
completely with 100 pounds of pure monocalcium phosphate, but above 
that ratio sodium carbonates will be present. This is the limiting neu- 
tralizing value of monohydrated monocalcium phosphate. 

As the ratio of NaHCO, to phosphate was increased the insoluble 
P.O, decreased and the insoluble CO, residue increased. The alkalinity 
present affects the reaction in such a way as to change the composition of 
the calcium compounds produced and these compounds are only repre- 
sentative of the maximum reaction when the weight of NaHCO, used 
very closely approximates the neutralization limit. Parallel to the reac- 
tion to liberate CO, is a reaction to produce CaCO,. The amount of 
insoluble CO, increases slightly as the NaHCO, is increased, and even 
though the amount of NaHCO, present is low enough to give a 7 pH, 
approximately 1.4% of the total CO, becomes residual through the 
formation of 

The maximum amount of NaHCO, with which 100 pounds of mono- 
calcium phosphate will react to give a 7 pH is 70 pounds. Since the 
pH is affected only by the soluble salts this value is determined by the 
ratio of NaH,PO, and Na,HPO, present. These two salts produce a 
good buffer and from the data given in Table II may be seen the large 
proportion of NaH,PO, that must be present to give a 7 pH. Bailey 
(1925) observed the low neutralization effect at 7 pH but interpretation 
of practical results did not emphasize these findings which no doubt 
were correct in view of the evidence shown later. 

Using the usual method for determining the neutralizing value of 
pure monocalcium phosphate, a value of 88.0 was found if the final end- 
point was taken as 8 pH, but near the true Na,HPO, endpoint a value 
of 89.0 was found. 


The Practical Application 


The pH of chemically leavened cereal products is of great impor- 
tance because there are certain properties of dough which are a fune- 
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tion of the pH and by controlling the pH of baked products desired 
characteristics may be obtained. Generally speaking, the phosphate salts 
used in leavening cereal products build up in the dough during baking 
very efficient and protective buffer systems. The reaction of mono- 
calcium phosphate with NaHCO, during baking develops a buffer af- 
fording a great pH tolerance very essential when considering the prac- 
tical application to which one ratio weight of these leavening substances 
may be exposed. The salts composing this buffer were used by 
Syrenson (1909) to produce a definite buffer system. This buffer sys- 
tem is very specific at the pH of baked products and because of this 
fact the buffer system produced in leavening by the use of monocalcium 
phosphate is measurable and representative. 

It has been shown in the preceding discussion that the maximum 
limit in neutralizing value for a 7 pH is 70, but from a practical stand- 
point another effect must be considered—the reaction of the flour with 
NaHCO,. In order to verify this effect which Logue and Ranker 
(1926) offered in objection to certain titration methods for neutralizing 
value, a soft wheat flour was made into biscuits using small percentages 
of NaHCO, and no acid component. 


TABLE IV 
REACTION OF FLouR NaHCO, DurinG BAKING 


NaHCO, pH of biscuit 
a 6.22 
711 
7.70 


There are many properties of flour which might be involved in this 
reaction, such as ash content and acidity, but it is sufficient to state that 
each flour requires a definite amount of NaHCO, or alkalinity to yield 
a baked product of 7 pH independent of any system of leavening agents. 
If the reaction of the flour is accounted for by standardization with 
NaHCO, to yield 7.0 to 7.1 pH on baking, then the flour should merely 
act the same as a water medium during the reaction of leavening ; and 
if 100 parts of pure monocalcium phosphate of theoretical composition 
are used with 70 parts of reagent grade NaHCO, as the leavening ratio 
in this flour, the resulting biscuits should very closely approximate 7 pH. 
Biscuits were baked using a flour standardized to 7.1 pH, this leavening 
mixture and other mixtures corresponding to pH levels shown in 


Table IIL. 
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TABLE V 


Biscuit Tests ON FLOUR STANDARDIZED TO 7.1 pH 


Pure Reagent grade N.V. pH of 
M.C.P. NaHCO; used biscuits 
&. g. 
1.857 1.3 70 7.03 
1.733 1.3 75 7.19 
1.625 1.3 80 7.35 
1.530 1.3 85 7.62 


The results in Table V are of fundamental importance as evidence in 
proof of the value of preceding theory and experimental work. Be- 
sides giving a direct correlation, the practical results will be found al- 
most identical with the analytical results if a compensation be made for 
the rise in pH of the flour. In summarizing the value of these results 
it is evident the theory involved in the experimental procedures for 
determining the extent of the reaction of pure monocalcium phosphate 
with NaHCO, is sound and around it could be constructed a method for 
determining the neutralizing value of any phosphate which would be a 
true measure of the actual reaction between that phosphate and 
NaHCO, 

The commercial monocalcium phosphates are not of theoretical com- 
position and consequently will have a lower neutralizing value than the 
pure salt. Phosphates were obtained from the field representative of 
the major processes used in commercial production today. These sam- 
ples were analyzed for neutralizing value by two methods : 


1. The first official method given in Cereal Laboratory Methods. 
2. A bicarbonate method which will be given later as a proposed method. 


TABLE VI 


COMPARISON OF RESULTS OF DETERMINED NEUTRALIZING VALUES 


Sample N.V. by NaOH N.V. by NaHCO; 
phosphate method method 
A 83.7 $2.2 
B 81.0 $1.0 
Cc 82.8 81.3 
D 82.0 79.2 


These phosphates were subjected to hiscuit tests using a flour stand- 
ardized to bake 7.1 pH. In order to arrive at a neutralizing value ratio 
for 7 pH, the ratio of 70/86 of the actual neutralizing value obtained 
by the NaHCO, method was used. This 70/80 ratio is representative 
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of the percent of the neutralizing value of pure monocalcium phosphate 
which must be taken to yield 7 pH. 


TABLE VII 


Biscuit Tests ON COMMERCIAL PHOSPHATES USING A FLOUR 
STANDARDIZED TO 7.1 pH 


Actual N.V. N.V. used 
Sample . NaHCO; app. 70/86 of pH of 
phosphate method NaHCO; actual N.V. biscuits 


% 


A 
B 
Cc 
D 


The analytical results by the NaHCO, method show a direct rela- 
tionship to the baking results and the characteristic reaction of Phos- 
phate D is borne out in analysis and baking. It may be seen that the 
fraction 70/86 used to approximate a 7 pH ratio gives fairly accurate 
results, but in all cases the results were higher than with the pure salt 
even though using 1 point lower than the 70/86 value. This indicates 
that a phosphate of lower than theoretical neutralizing value miust be - 
used at a value slightly lower than 70/86 of the true neutralizing value 
to give a7 pH. 


Proposed Method for Neutralizing Value 


Weigh 1 g. of the phosphate to be tested and .80 g. reagent grade 
NaHCO, into a clean dry 125 cc. Erlenmeyer flask. Mix the two 
thoroughly in the dry state ; add 20 cc. H,O in such a way as to prevent 
the formation of lumps, and let the solution stand 5 minutes, mixing 
occasionally by rotating the flask. Wash down the sides of the flask 
with not more than 5 cc. H,O and heat to boiling ; boil 3 minutes, keep- 
ing the solution well agitated during heating and boiling. Filter hot 
into a 500 cc. Erlenmeyer flask and wash with about 100 cc. of hot 
water. To the filtrate add 50 cc. .2 N H,SO,, heat to boiling and boil 
to expel any CO, present; cool; titrate to 8.1 pH with .2 N carbonate 
free NaOH. This endpoint of 8.1 pH may be approximated with the 
use of 20 drops of 1% phenolphthalein as this concentration of indicator 
will give the solution a definite rose color at the desired pH. 

The analyst should become familiar with the endpoint color by pre- 
liminary experiments in order to approximate 8.1 pH. However, the 
endpoint should be checked by an actual pH determination. 

If the .2 N NaOH titration is greater than the volume of .2 N 
H.SO, added, 


% 
82.2 1.97 1.3 66 7.12 
81.0 2.00 1.3 65 7.12 
81.3 2.00 1.3 65 7.15 
79.2 2.06 1.3 63 7.19 
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100(wt. of NaHCO, used) + 2(ce. .2N NaQH —ce. .2 N H,SO,) 
.84 = approximate N.V. 


If the volume of .2 N H,SO, added is greater than the .2 N NaOll 
titration, 


100(wt. of NaHCO, used ) — 2(ce. .2 N H,SO,—ce. .2 N NaOH) 
< .84 = approximate N.V. 


The approximated N. V. represents the actual N. V. if the deter- 
mined value is + 1 of [(the wt. of NaHCO, used) & 100] and the 
determination should be repeated using the weight of NaHCO,, equiva- 
lent to the approximated N. V. if a greater difference than this is found. 
In the final analysis the value determined should be + 1 of [ (the wt. of 
NaHCO, used) 100]. 


TABLE VIII 


TABULATION OF DATA OBTAINED IN DETERMINING THE NEUTRALIZING VALUE OF 
THE COMMERCIAL PHOSPHATES BY THE PROPOSED METHOD 


pH of 2/10 N NaH- pHof .2N 
Sample result- 2/10 N NaOH Indi- result- NaOH 
phos- NaH- in H.SO, to 8.1 used in ing to 8.1 Actual 
phate CO; sol’n added H .V. 2nd det. sol’n pH N.V. 


g. Ce. 4 g. Ce. 
0.80 , 48.8 49.1 
.80 48.8 J 807 .93 49.0 
: 48.8 813 48.8 
80 48.8 .790 A 48.9 


If the 80 standard for neutralizing value is to be maintained it must 
be defined as: The neutralizing value of a monocalcium phosphate is a 
value representing the pounds of NaHCO, with which 100 pounds of 
the phosphate will react to effect complete water soluble CO, evolution, 
specifically determinable as the parts of NaHCO, required to react with 
100 parts of the phosphate and result in a solution approaching 8.0 pH 
as a limit when the water soluble P,O, concentration of that solution is 
approximately .02 molar. 

The limiting neutralizing value of monohydrated monocalcium phos- 
phate is 86.0 and the limiting neutralizing value at 7 pH is 70. 

A true measure of the reactions of all monocalcium phosphates with 
NaHCG©, cannot be made with NaOH and its use, if any, should be 
secondary to a NaHCO, determination. 

Although the difference in the actual neutralizing value of a phos- 
phate and the limiting value for 7 pH in some cases will very closely 


A 82.2 
B 81.0 
81.3 
D 79.) 
Summary 
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approximate the reaction of the flour in terms of NaHCO,, the actual 
neutralizing value is not definable as the amount of NaHCO, required 
to give a biscuit of 7 pH, and the practical ratio of NaHCO, per 100 
pounds of monocalcium phosphate which yields a 7 pH biscuit does not 
define the actual neutralizing value of the phosphate. 
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SOFT WINTER WHEAT STUDIES. V. EVALUATING 
THE QUALITY AND THE STRENGTH OF SOME 
VARIETIES 


G. Bayrietp! and V. 


(Read at the Annual Meeting, June 1936) 


Introduction 


At the present time soft wheat and related problems are in a much 
more confused state than are those connected with hard wheats pri- 
marily adapted to bread production. Several principal factors con- 
tribute to this confusion surrounding soft wheat. Primarily, it is due 
to the multiplicity of uses for soft wheats. The soft wheat trade re- 
quires soft wheat for a range of products varying from dry cereal 
breakfast foods to certain kinds of family flours adapted to bread- 
making. Other principal uses for these flours are for soda crackers, 
hot biscuits, cakes of various types, pastries and cookies. It will readily 
be seen that several different types of soft wheat will be required in 
order to obtain the maximum quality in all these various products. 

A second major reason why soft wheats occupy a less favorable posi- 
tion when compared with hard wheats is due to the fact that much less 
scientific research work has been performed on this class of wheat. 
This is somewhat surprising in view of the fact that soft wheat is the 
type of wheat generally produced in the eastern half of the United States 
as well as in important sections of the Pacific Coast States. Quality 
studies on soft wheats in this country have been largely neglected until 
quite recent times. At the present time no entirely satisfactory methods 
are available for determining the quality of soft wheats from the milling 
and utility points of view. Even the Federal grades for the soft red 
winter class of wheat are less finely subdivided than for other classes of 
wheat. 

Thirdly, the quality situation for soft wheats is made less satis- 
factory than it might be by the unnecessarily large number of varieties 
grown commercially. The number of varieties could well be consid- 
erably reduced and still allow for the wide range in environments under 
which this class of wheat is produced. Clark and Quisenberry (1933) 
in their 1929 varietal survey of the United States found 65 soft red 
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winter varieties were grown commercially. They state . new 
varieties are being introduced faster than old varieties pass out of 
cultivation. The number of varieties of soft red winter wheat grown 
commercially is much larger’ than the number for any other class.” 
They also found 53 different white varieties in commercial production 
and a large proportion of these are soft wheats. Thus, it may be esti- 
mated that over a hundred soft wheat varieties are grown in the United 
States. In 1929, only 7 soft red winter and 3 white varieties were 
being grown with acreages larger than 500,000 acres. 

With so many varieties in production is it any wonder that mills at 
times experience difficulty in maintaining that highly desired “ uni- 
formity ”’ in flour? Some of the soft winter wheats in production on 
limited acreages are of definitely inferior quality for milling and baking 
purposes. These inferior varieties enter the trade in varying amounts 
and must cause a very large loss to millers in the form of reduced flour 
yields and dissatisfied customers. 

The amount of varietal intermixtures undoubtedly varies in different 
states and within sections of different states. Ohio probably has as 
uniform a type of soft winter wheat as any of the larger soft wheat 
growing states. This favorable state of affairs may be directly traced 
to the weeding out of low-quality varieties by laboratory tests and the 
successful carrying-out of a wheat standardization program a few years 
ago. However, even under these conditions there yet remains room for 
improvement in Ohio. 


Experimental 


At this time the authors wish to present some results obtained by 
the Ohio Agricultural Experiment Station in cooperation with the Tri- 
State Soft Wheat Improvement Association of Toledo, Ohio in studies 
made upon the 1933, 1934, and 1935 crops. The study had two main 
objectives in mind: the testing of baking and viscosity procedures as 
measures of wheat characteristics and the evaluation of certain varieties 
when subjected to these two and other laboratory procedures. 


Analytical Methods 


Unless specifically noted the analytical procedures used on the sam- 
ples reported upon at this time were the same as those employed in 
earlier papers in this series dealing with soft wheat studies. There- 
fore, it hardly seems necessary to repeat these various methods in de- 
tail. Approved methods (A. A. C. C., 1928) were used for all ash, 
moisture, absorption, and protein analyses. All ash, protein, and ab- 
sorption data are given after converting to a 15% moisture basis. 


‘ 
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Loaf volumes and related data were obtained by means of the 
“bromate formula (Bayfield, 1934) or by the “regular” formula 
which is the same as the bromate formula without added potassium 
bromate. For mixing, a Kitchen Aid Mixer equipped with a paddle was 
used throughout. 

The viscosity procedures employed were identical with those al- 
ready described by Bayfield (1935). 

For details of the method used for obtaining time test data, see Bay- 
field (1935b). 


Studies on the 1933 Crop 


A portion of the 1933 crop samples consisted of 10 varieties, Trum- 
bull, Nabob, Fulhio, Red Rock, American Banner, Bald Rock, Michigan 
Amber, Kharkov, Fultz, and Gladden, each of which was grown at 10 
different locations. These 10 series were part of a larger series pro- 
duced in an experiment designed to study the effect of environment upon 
wheat quality (Bayfield, 1936), and for brevity may be referred to as 
the “ quality series.” 

The data from these 100 samples comprising the 10 series used in 
the present study have been averaged according to crop origin and given 
earlier by the senior author (Bayfield, 1935a). These data showed 
both the lowest and highest average flour protein series originated from 
plots produced under similar climatic conditions but on’ different soils. 
Half of the 10 series was produced under similar climatic conditions 
with soil the principal variable while the remainder was produced under 
conditions where climate was the principal variable with the soils all of 
medium texture. Varying soils with uniform climate produced a range 
in flour protein from 7.45% to 10.99% on the average, whereas the 
remaining 5 series varied only from 8.07% to 9.55% in flour protein. 
Loaf volumes obtained by either regular or bromate formulae as well 
as maximum viscosities with the constant weight of flour method (20 g.) 
followed the same trend as flour protein content. However, quality of 
protein as determined by the viscosity of flour samples containing 2 g. of 
protein showed a wider variation on the uniform soil as compared with 
those series produced under uniform climatic conditions. The degree of 
association found to exist between flour protein and loaf volume as avell 
as with viscosity measurements may be seen in Table IV which gives 
results of a correlation study made upon these samples. 

In order to study the data as varieties, the results were grouped in 
various ways and the averages computed. This produced rather bulky 
tables, a summary being presented in Table I. By all methods of group- 
ing used, the predominant influence of amount of protein upon the 
various other tests was very evident. It may be observed that high pro- 
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tein locations are associated with high protein and high ash flours. Fur- 
thermore, high protein is, in these samples, associated with high yield per 
acre, high test weight per bushel, increased “ time,”’ increased absorption, 
larger loaves, and increased viscosity (20 g. flour method). Low ash 
flours are shown to give the higher viscosities by the 2.0 g. protein 
method. 

Table II gives the averages for the individual varieties (Grouping 
C) as well as the averages for the 5 highest and 5 lowest protein flours 
for each variety. Excepting the regular bakes for Fulhio, it will be 
observed that the high protein flours give the larger loaves and highest 
viscosities (when considering the 20.0 g. flour method). Some differ- 
ences result in protein quality as measured by the 2.0 g. protein viscosity 
determinations, however, because Fulhio, Michigan Amber, and Fultz 
show either larger or equal readings with the lower protein flours. The 
data show that the higher protein flours also contain more ash. For 
some reason or other, in these three cases the additional protein does not 
appear to be able to “carry” the additional ash associated with the 
larger amount of protein. It is well known that ash in flour depresses 
the viscosity of the flour-water suspension. 

To study the ash effect still further, Table III was constructed. The 
samples were arranged and averaged on the basis of the 5 highest and 
5 lowest ash content flours for each variety. This arrangement of the 
samples decreases the difference in protein between the 5 high and the 
5 low samples. Three varieties, Michigan Amber, Kharkov, and Glad- 
den show higher protein with low ash on the average. In all cases, ex- 
cepting Red Rock, the low ash samples give the highest average quality 
viscosity measurement (2.0 g. protein basis). 

A number of interesting comparisons regarding protein quality may 
be made by comparing the average ash figures with the 2.0 g. protein 
viscosity measurements. Considering the amount of ash present it 
seems reasonable to conclude that Red Rock possesses the strongest 
gluten, with Fultz second. 

Trumbull and Fulhio are approximately equal in third place, being 
followed by Michigan Amber, then probably Kharkov, Gladden, Bald 
Rock, Nabob, and American Banner. According to the average figures 
for all 10 samples of each variety (Table I1) the varieties rank, Fultz, 
Red Rock, Trumbull, Fulhio, Michigan Amber, Gladden, Kharkov, 
Nabob, Bald Rock, and American Banner. The agreement between the 
two rankings seems reasonably good considering the difficulty of assign- 
ing definite placings by means of the comparisons obtained from the 
data in Table IIT. 

The viscosity quality measurements introduce a further interesting 
point, namely, as to whether each unit of protein in high protein samples 
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is of the same value as a unit in lower protein samples in the same vari- 
ety. Comparison of Groupings A and B in Table II would seem to indi- 
cate that a unit of protein in a high protein sample is relatively stronger 
than when in a low protein sample. As will be shown later, this conclu- 
sion is the opposite to that which must be drawn from the studies made 
upon the 1934 and 1935 samples. 

One of the principal reasons for making milling and baking tests is 
to evaluate the strength of the samples. The data give the strength rat- 
ings according to two baking formulae, the time (doughball) test, and 
viscosity (20 g. flour). Considering the average figures for the differ- 
ent varieties (Grouping C, Table II), it may be seen that the maximum 
average spread in flour protein is less than 1% (0.89%). This small 
spread makes difficult the evaluation of the samples in the series. Ac- 
cording to the loaf volumes obtained with the bromate formula the vari- 
eties rank as follows in order of descending strength: Kharkov, Bald 
Rock, Red Rock, Fulhio, Gladden, Trumbull, Fultz, Michigan Amber, 
American Banner, and Nabob. The regular formula gives a different 
order of ranking, namely: Red Rock, Gladden, Kharkov, Fulhio, Bald 
Rock, Trumbull, Fultz, Michigan Amber, Nabob, and American Banner. 
From previous knowledge of these varieties neither baking procedure 
has ranked the varieties very well. Neither does the time test, which 
gives the ranking as Red Rock, Fultz, Michigan Amber, Nabob, Bald 
Rock, Fulhio, Gladden, Trumbull, Kharkov, and American Banner. 
The time test very frequently assigns a higher strength to Michigan 
Amber and Nabob than seems warranted by baking values obtained on 
these two varieties. The viscosity strength ranking appears to be the 
most favorable. According to viscosity (20 g. flour) the varieties are 
placed in the following order: Red Rock, Fulhio, Trumbull, Fultz, 
Michigan Amber, Kharkov, Bald Rock, Gladden, Nabob, and American 
Banner. When the permissible errors in the different methods of test- 
ing for strength are considered along with the spreads actually obtained, 
it must be admitted that the viscosity procedure has given the most 
favorable results as far as these 100 samples are concerned. 


Statistical Studies, 1933 Crop 


A number of correlation coefficients were computed in order to ob- 
tain further evidence as to the degree of association and value of the 
different measures used in testing the 1933 crop samples. The domi- 
nant position occupied by protein in the flour upon strength has been 
illustrated by the data in Tables I and II. Furthermore, the protein 
test is probably the most accurate of any of the tests used. Changes in 
protein content are positively associated with changes in strength, as 
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TABLE IV 


CORRELATION COEFFICIENTS ILLUSTRATING THE RELATIONSHIP FOUND TO EXIsT 
BETWEEN VARIOUS MEASUREMENTS MADE ON THE 100 “QuaLity 
Series” 1933 Crop 


Correlation rz, between ! Loaf Loaf Vis- Vis- 
Wheat | Flour | volume} volume! cosity | cosity Time Soft 
protein | protein | (bro- (regu- 20 g. 2 g. (S-g.) | kernels 
mate) lar) flour protein 
x % % Ce. Ce. °MacM.|°MacM.| Min. % 
Flour protein, % +.9690 _ _ 
Loaf volume (bromate), Cc.| +.7980 | +.7950 _ 
Loaf volume (regular), Cc. | +.6320 | +.6400 | +.7370 _ 
Viscosity, 20 g. flour, 
°MacM. +.7740 | +.7570 | +.6950 | +.6601 — 
2 g. protein, 
+.1700 | +.1290 | +.2510| +.3600| +.6990 
Absorption, % +.0360 | +.0368 | +.0040 +.0552 
Time, 5 g. meal, Min. +.4180 | +.4210 | +.3970 | +.5070| +. +.5970 _ 
Flour ash, % — +.5153 | +.3924 | +.1771 | +.1454 | —.3157 — 
Soft kernels,? % —.6695 | —.6690 | —.6690 _ _ _— —.3619 — 
Hard kernels,? % +.5960 | +.5810| +.5720) — — | +.2790} —.s440 


' Coefficients less than .195 lack statistical significance, with odds less than approximately 1 : 20. 
2 Texture analysis made with aid of bottom illumination. 


may be seen in Table IV. This table shows the bromate formula to 
be more sensitive to changes in protein content than the regular formula. 
Similar findings were obtained in crops of earlier seasons. Viscosity 
strength figures are almost as well correlated with flour protein as are 
the bromate baking data. Time data are also positively correlated with 
protein content but to a lesser extent than the results obtained by baking 
or viscosity (20.0 g. flour) tests or by kernel texture analysis. 


TABLE V 
PARTIAL CORRELATIONS (R) C FOR 1933 QuaLity Series! 


=1 


Factor held constant 


Correlation between x and y with — — Viscosity 
ash protein |20 g. flour 
% % °MaeM. | 
x ¥ Vry R R R R 
Flour protein loaf volume (bromate) |+.7950|+.7520| — |+.5724| +.7945 
Loaf volume (bromate) X viscosity, 20 g. 
flour +.6950 |+.7010 }+.2351| — +.7507 
Viscosity, 20 g. flour X viscosity, 2 g. 
protein +.6990 |+.7935| — 
Flour protein X viscosity, 2g. protein |+.1290/+.3587| — 
Viscosity, 2 g. protein X loaf volume 
(bromate) +.2510|+.4295; — 


' Coefficients less than .195 lack statistical significance, with odds less than approximately 1 : 20. 
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Table V, giving a few partial correlations, illustrates the dominant 
effect of protein upon strength as it may be observed that the loaf vol- 
ume (bromate) X viscosity, 20 g. flour coefficient, is reduced from 
+ .6950 to + .2351 when the protein content is held constant. Protein 
quality as evidenced by viscosity, 2.0 g. protein, is seen to be producing 
but little effect in these samples. Furthermore, ash variations are shown 
to be detrimental as the size of the partial is increased in all cases ex- 
cepting the flour & loaf volume (bromate) partial. 


Studies on the 1934 Crop 
Baking Trials 


In examining the baking results obtained on the 1933 samples dis- 
cussed in the preceding section, it was noted that neither of the two 
formulae employed ranked the 10 varieties very well. At the present 
time the “ bromate ” formula is the standard one employed in testing 
samples in the work of the Tri-State Soft Wheat Improvement Associa- 
tion. The authors, at present, believe that the baking test must be the 
final criterion in evaluating a soft wheat. However, they also believe 
that the right baking method must be used, otherwise incorrect conclu- 
sions may be drawn. While no one baking formula will give the best 
results with all flours, yet the advantage of using a standardized pro- 
cedure seems to outweigh by far those advantages to be gained through 
using a procedure varied to suit each individual sample. A procedure 
must be chosen which will give the best results in the majority of cases. 
With large numbers of samples to be tested, as is encountered in variety 
testing work, it is hardly feasible to employ a large number of methods 
on each sample, otherwise the cost of such testing work becomes pro- 
hibitively high. 

The 1934 crop produced in Ohio, Indiana, and Michigan was abnor- 
mally strong for the territory, averaging between 1 and 2% higher in 
protein than normal. It was stronger than the 1933 crop which was 
considerably above the average in strength. To investigate the possi- 
bilities of improving the baking procedure, it was decided to try certain 
of the formulae used by Aitken and Geddes (1934) in their studies 
dealing with the behavior of strong flours when subjected to baking 
procedures of varying degrees of severity. Aitken and Geddes worked 
with spring wheat with a spread of 4.3% protein. 

For the present study an equally wide spread in protein was avail- 
able in the Trumbull flour samples. In addition, an all red winter com- 
mercially milled flour with a protein content of 10.5% was used as a 
standard for comparison. The formulae used were: 
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(1) Regular—flour 100 g. (15% moisture basis), sugar 5 g., salt 1 g., 
yeast 3 g., distilled water to correct absorption. Mixed with 
Kitchen Aid Mixer, 1 min. slow speed, 2%, min. second speed. 
Fermentation times and temperatures were the same as for the 
A. A. C. C. basic procedure. Baked at 230 + 5° C. for 30 
minutes. 

(2) Bromate—as in (1) but with 0.001 g. potassium bromate added 
per loaf. 

(3) Phosphate—as in (1) but with 0.1 g. NH,H,PO, added per loaf. 

(4+) Malt—as in (1) but with 0.3 g. diastatic malt (approx. 200° Lint- 
ner) added per loaf. 

(5) Phosphate-bromate—as in (1) but with 0.001 g. potassium bromate 
and 0.1 g. NH,H,PO, added per loaf. 

(6) Malt-bromate—as in (1) but with 0.3 g. diastatic malt and 0.001 g. 
KBrO, added per loaf. 

(7) Malt-phosphate—as in (1) but with 0.3 g. diastatic malt and 0.1 g. 
NH,H,PO, added per loaf. 

(8) Malt-phosphate-bromate—as in (1) but with 0.3 diastatic malt, 
0.1 g. NH,H,PO,, and 0.001 g. KBrO, added per loaf. 


In Table VI are given the results from baking the four flours by each 
of these formulae. The table gives, in addition to loaf volumes and 
protein contents, the internal loaf and crust scores. The letters “ F,” 
“G,” ete., accompanying the crust scores, refer to the type of loaf 
(most nearly resembling those given by Blish in 1928). 

Table VI illustrates clearly how the formula employed might readily 
lead to incorrect conclusions, particularly when a limited number of 
samples are included in the comparisons. The difference in response of 
the commercially milked, as compared with the experimentally milled 
flours, is also worth noting. The commercial flour responds to malt 
whereas phosphate and bromate appear to have but little effect on this 
flour. With the experimental flours, bromate demonstrates the strength 
resulting from increasing amounts of protein. Of the various formu- 
lae, the phosphate-bromate, malt-phosphate, and malt-phosphate-bromate 
arrange the experimental flours correctly in order of protein amount. 
The differences in results of some of the others probably are not large 
enough to be considered significant. The malt-phosphate-bromate for- 
mula gives the largest spread, a point decidedly in its favor. 

As it was planned to bake a series of varieties with the best of the 
formulae under test, as well as by the regular and bromate formulae, a 
second set of experimental Trumbull flours was made up and baked to 
recheck the results obtained above with the three formulae, malt-phos- 
phate, phosphate-bromate, and malt-phosphate-bromate. Insufficient 
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TABLE VI 


Tue Errect or BAKING FORMULA UPON FLOURS OF VARYING PROTEIN CONTENTS 
Trumbull Wheat Flour 


Protein| Formula e| Grain) Texture | Color | Crust 
% Ce. 
1 16.8 | Regular 577 100 100 100 8 F | small 
2 14.3 580 102 102 102 8G -= 
3 12.0 610 102 102 102 8G - 
4? 10.5 532 99 99 99 |} 10F -— 
Av 574.8 |100.8| 100.8 | 100.8] °8.5 
1 16.8 | Bromate 602 101 101 101 8 F — 
2 14.3 542 102 102 102 8H -~ 
3 12.0 550 101 101 101 7G — 
4 10.5 530 100 100 100 | 10 J — 
Av 556.0 | 101.0} 101.3 | 101.3) 8&3 
1 16.8 | Phosphate 597 100 100 99 7F — 
2 14.3 557 102 101 102 7H — 
3 12.0 570 101 101 101 8G — 
4 10.5 535 100 100 100 | 10F — 
Av 564.8 | 100.8} 100.5 | 100.5} 8.0 
1 16.8 | Malt 607 99 99 99 | 10F — 
2 14.3 580 102 102 102 9F — 
3 12.0 625 101 100 100 8 G | large 
4 10.5 610 100 100 99 | 11 F | large 
Av 605.5 | 100.5} 100.3 | 100.0) 9.5 
1 16.8 | Phosphate- 590 102 102 101 8 F _ 
2 14.3 bromate 550 102 102 102 9 F | small 
3 12.0 512 102 102 102 7G — 
4 10.5 537 100 100 100 | 10G)/ medium 
Av 547.3 | 101.5} 101.5 | 101.3) 8.5 
1 16.8 | Malt- 645 101 101 101 | 11 G|} large 
2 14.3 bromate 562 102 102 102 8 H | small 
3 12.0 605 101 102 101 7 H | small 
4 10.5 550 100 101 100 | 10H — 
Av 590.5 | 101.0} 101.5 | 101.0) 9.0 
1 16.8 | Malt- 655 101 100 100 | 10 F | large 
2 14.3 phosphate | 610 102 101 102 9H — 
3 12.0 565 101 101 101 7G _— 
4 10.5 557 99 99 99 | 10F — 
Av 596.8 | 100.8; 100.3 | 100.5| 9.0 
1 16.8 | Malt- 625 101 102 102 |10G —_ 
2 14.3 phosphate- | 605 101 102 101 | 10G 
3 12.0 bromate 525 101 102 101 7G — 
4 10.5 555 101 100 100 | 11F — 
Av 577.5 | 101.0} 101.5 | 100.8} 9.5 


' Refer to size of occasional cavities in the bread. : : 
? Flour No. 4 was a commercially-milled unbleached all soft red winter flour, ash 0.43%, diastatic 
activity 80 Rumsey units. 


‘ . 
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flour was available with these flour residue blends for rebaking by all 
methods. The results are given in Table VII. 


TABLE VII 
Errect or Protein ConTENT Upon Loar 


Protein content, % Difference 


16.8 14.3 12.0 


Loaf volume with formula 


Malt-phosphate-bromate, Cc. 705 630 542 163 
Malt-phosphate, Cc. 722 645 605 117 
Phosphate-bromate, Cc. 592 605 497 95 


These bakes confirmed the results obtained in the previous ones 
(Table VI) in that the malt-phosphate-bromate formula again is found 
to give the wider spread in loaf volume. During these preliminary 
trials loaves were also baked using 2.5 g. instead of 5.0 g. of sugar but 
this reduction in amount of sugar reduced the size of loaf and internal 
scores and gave poor coloring in the crust. These results corroborated 
those obtained earlier by the authors (Bayfield and Shiple, 1933). It 
may also be mentioned that the authors have found a 3-hour fermenta- 
tion period to be suitable in the evaluation of soft wheat flours (unpub- 
lished ). 

The variety samples grown in 1934 at the Ohio Agricultural Ex- 
periment Station and at Purdue University, Lafayette, Indiana, pro- 
vided two very good series of samples for testing the malt-phosphate- 
bromate formula against the bromate and regular formulae, as the Ohio 
samples were very high in protein whereas those from Indiana were 
much lower. Fifteen varieties were grown at both locations, the av- 
erage flour protein content being over 4% higher in the Ohio samples. 
Viscosity measurements were also made upon the samples using 20 g. of 
flour for the determination of strength and the 2.0 g. protein method for 
evaluating protein quality. Baking and other analytical data are pre- 
sented in Tables VIIT and IX, the corresponding viscosity data being 
given in Tables X and XI. In these tables the varieties are arranged in 
order of descending strength as determined by their viscosities using 
20 g. of flour. 


Discussion 


Baking data. Fourteen of the varieties grown at both Wooster and 
Lafayette provide a means for making some direct comparisons. By 
all three formulae, as may be expected, the high protein (Wooster ) 
samples gave larger loaves on the average. With either series the 


| 


9 ‘ON 


st 


montor 
SSSSSE 
min ininiwn 


Brann 


(1) 


1 ‘ON anping 
ajoog 
Aoyieyy 


mon 


jouueg ‘wy 
Pred 


“YIN 
Pry 


GOA Sane 


SFE 


teu 


ZOO 


SOS 


mee 


mim 

HOD DADS 


= 
> 
Q 
Z 
=) 
ol 
< 


Onan 


3 


dod 


jour 


PEGI NI ‘OITHQ ‘AALSOO\Y LY NMOUD SALLAMIVA AOA VLIVG ONINVG GNV ‘WOLLAIVNY 
TIA 


July, 1937 es 565 
| Sarena 
| 
| | 388855 

S| s8s8s 
a 
3 
“ 
7+ 
8 
il a 
‘ 
ils 
ABE 
| $ 
cm 
Sic 
| 
| 
3 
223 
1 | $233 322 323 
| $382 332 225 


€¢ ‘ON 


Apny 


purysy 
‘ON anping 


OND 


BOR 


V 


(pl) 


“uy 
‘ON anping 
qoqen 


aTRAMEY 


yoying 


‘ 
onan 


sSs ES 


one 

amo 


= 


AAA AAA 


COO COD 


SAD 


ome 


ACO 


Tht 


AAN AOT 


MN 


3 


se 


a 
=) 
< 
= 
= 
© 


uray jaysng 
-o1d dod 


| 


NI ‘VNVIGN] ‘SLLAAVAV’] LY NMOWD SAILAIMVA VIVCG ONINVG ‘IVOILAIVNY 


XI ATAVL 


566 Vol. 14 
5 = 
558 
a 
| $55 885 
= > + + 4 
+ 
| =| Ses 

| 3 

> Soe 

| mmo 

| 
sss 

2. 

323 

= S83 
So 

5 gs 338 Sas 
ttt 
| eo) 
| 

ood 
| eel 

Ses S55 
& 
| 
S sss 858 
| sis 22S Ono 
: = TH+ 
ane 
1} a6 $33 

= el 
| a SAD ADD 

sso 
2 
S| sss 
Bee meee 222 S45 252 
Lack > hat] aan Aan AAIAN 
ANNAN AaAN aan ann 


July, 1937 E. G. BAYFIELD AND V. SHIPLE 567 


TABLE X 
Viscosity DATA FOR VARIOUS VARIETIES GROWN IN 1934 AT WoosTER, OHIO 


Viscosity in degrees MacMichael 


Variety Method A—20 g. flour Method B—2 g. protein 


See. | Sec. | 7 ce. 
id | acid | acid acid! 


Michikof 128] 272 329? 
Red Rock 99} 221 256 
Purkof 99} 195 239 
Michigan Amber 107| 187 216 


Bald Rock 
American Banner 2 
Kawvale 


Fulhio 
Fultz 
Nabob 


Kharkov 
Poole 
Gladden 
Purdue No. 1 


Average (14) 


T.N. 1006 
Minhardi 
O.A.C. No. 104 
Fulcaster 
T.N. 1029 


Cornell 254A1-101-19 
Dawson 
Honor 
Klondike 
ae! No. 6 
rumbull 


oo 


| Swaas 


of cubic centimeters of lactic acid required above 7 cc. to obtain 
? This American Banner sample not representative for the variety. 
bromate formula gave the lowest average loaf volume, with the regular 
bakes intermediate, and the malt-phosphate-bromate the largest. Sam- 
ples from both locations gave the largest spread in loaf volume with the 
malt-phosphate-bromate formula, the least spread with the regular 
method. It should be noted that the sample of American Banner grown 
at Wooster baked in an extraordinary manner, being exceptionally 
strong. The reason for the strength in this sample is unknown. Both 
Honer and American Banner are derived from Dawson (Dawson's 
Golden Chaff), and usually American Banner as grown at Wooster is 
one of the weakest wheats (a white variety). The internal scores on 


Occ. | 1ecc.| 3ce. | S5ce. 7 ce. 

eof» ac acid | acid | acid acid | acid! 
77 133 | 143 146 

74 | 131 142 | 1492 

67 | 108 | 115 | 116 

14 95} 180 | 199 | 202 64 | 103 | 111 113 

24 | 107} 170 | 185 | 187 78 | 109 | 113 | 112 

15 70} 148 | 172 | 1822 51 89 | 102 | 1067 

14 94; 161 180 | 182 66 97 | 105 | 105 

19 85) 155 172 176 69 | 111 118 121 

11 72} 134 | 151 154 50 80 86 88 

15 60; 128 | 140 | 142 51 79 82 82 

13 75} 129 | 138 | 141 51 77 82 84 

16 69} 122 | 131 134 54 82 88 88 

14 55) 112 125 | 130 53 89 98 | 100 

16.9} 86.8) 165.3) 184.9) 190.7 61.7) 98.8 | 106.5) 108.4 
14 79| 146 | 160 | 163 61 96 | 100 | 101 

15 71} 138 | 153 | 158? 59 99 | 110} 111 

11 61} 134 | 146 | 149 54 97 | 110 | 109 

13 76| 136 | 143 | 145 53 80 84 8&3 

20 72} 127 | 137 | 140? 55 86 93 94 

10 64/| 125 | 135 | 136 52 88 94 97 

9 57| 113 | 121 120 42 74 79 81 

9 45 85 93 95 34 53 57 58 

9 26 43 48 49 25 39 44 45 

9 21 33 37 39 22 34 39 41 
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TABLE XI 
Viscosity DATA FOR VARIOUS VARIETIES GROWN IN 1934 AT LAFAYETTE, INDIANA 


Viscosity in degrees MacMichael 


Variety Method A—20 g. flour Method B—2 g. protein 


Michikof 
Michigan Amber 
Purkof 

Fultz 


Fulhio 
Red Rock 
Bald Rock 


Kawvale 
Poole 
Kharkov 


Gladden 

Nabob 

Purdue No. 1 
American Banner 


Average (14) 


Purdue No. 4 
Red Cross 
Ashland 


Rudy 
Accession No. 33 
Trumbull 


' Prime numbers refer to number of cubic centimeters of lactic acid required above 7 cc. to obtain 
the given maximum viscosity. 


the average do not seem to be particularly conclusive one way or the 
other, 
Viscosity data. The agreement in strength ranking for the varieties 
when grown at either place when the 20 g. flour viscosities are com- 
pared is fair and probably better than by any of the baking formulae. 
The viscosity data given by Method B (2 g. protein) are surprising 
because the low protein samples from Lafayette give higher viscosities 
than the same variety when grown at Wooster and contain a higher 
percentage of protein. This is opposite to the very definite tendency for 
high protein samples to give higher viscosity readings per unit of protein 
noted in the 1933 samples (Tables I-II1). 

In the case of the 1934 samples there is some increase in ash in the 
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cce.| 1 3cc. | 7 ec. | Occ.) 1 ce.| 3 cc. | 5cc. | 7 cc. 
acid | acid | acid | acid | acid! | acid | acid | acid | acid | acid! 
17 | 114] 190 | 209 | 215 | 18 | 116] 197 | 217 | 222 
13 | 100] 166 | 180 | 184 | 10 81} 134 | 141 144 
16 90 | 154 | 166 | 172 | 18 93 | 163 | 184 | 1912 
16 95 | 143 | 151 152 | 18 | 100] 150 | 162 | 163 
10 95 | 132 | 135 | 137 | 13 | 103} 149 | 152 | 153 
12 79 | 120 | 131 | 132 | 15 87 | 144 | 153 | 157 
12 76; 117 | 131 132 | 15 81} 129 | 141 144 
11 60} 101 113 | 117 | 12 63} 111 126 | 128 
10 68 | 103 110 112 11 75 | 118 124 126 
11 66; 99 | 104 | 106 | 13 75 | 119 | 125 | 127 
13 63 91 97 97 | 17 75} 115 | 119 | 120 
8 54 83 90 92 | 10 68} 110 | 122 | 125 
: , 11 46 82 90 91 15 54/| 101 112 | 114 
8 45 68 74 76?! 13 59} 102 110 111 
12.0} 75.1 | 117.8 | 127.2 | 129.6 | 14.1 | 80.7 | 131.6 | 142.0} 144.6 
120 | 140 | 141 | 12 | 78| 125 | 134 | 133 
12 75 | 122 | 129 | 130 | 12 81} 127 | 135 | 137 
10 76} 116 | 121 119 | 12 88 | 131 142 | 143 
10 51 85 95 98 | 13 57 | 109 | 122 | 125 
& 59 88 91 92 10 65 | 100 105 107 
9 69 | 106 112 114 12 79 | 128 135 134 
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Wooster samples with their higher protein contents. However, if the 
total amount of ash be calculated for the weight of sample actually used 
in the determination it will be found that there actually is a larger 
amount of ash in the low protein flour samples from Lafayette. This 
is due to the larger amount of flour required to obtain 2 g. of protein in 
the case of the low protein flours. It does not seem likely that the extra 
amount of starch in these more bulky samples is the cause of the larger 
viscosities in view of results obtained by the senior author in experi- 
ments where extra wheat starch was added to compensate for differ- 
ences in bulk (Bayfield, 1936a). Until further data are collected it 
does not seem possible to decide the reason for the differences obtained 
in the quality (i.e., 2 g. protein viscosities) between the Wooster and 
Lafayette series. The differences may be due to actual quality of pro- 
tein or to the effect of a different composition of the ash in the samples 
grown under the different environments. Both soil and climate may be 
producing significant changes in the make-up of the protein complex. 

Strength of 1934 varieties. It has already been mentioned that the 
varieties in Tables VILI—XI, excepting Trumbull, are arranged in order 
of decreasing strength as determined according to viscosity. Direct 
comparisons may be made in the case of the fourteen varieties grown 
at both locations. Excepting the American Banner at Wooster (not a 
representative sample), the viscosity strength measurement. ranks, rea- 
sonably well, the 14 varieties from both places in the same order. While 
the exact mathematical statistics have not been calculated, yet correlation 
charts, where results from one location were plotted against results from 
the other, indicated the agreement in strength rating between the two 
locations was higher when determined by viscosity than by any of the 
three baking formulae. 

In so far as the ranking given the varieties by any of the strength 
measurements is concerned, the order can only be considered as being 
fair. Generally speaking, the varieties known to be strong are in the 
upper half of the table, whereas the weaker varieties occupy the lower 
portion of the table. 

Quality of 1934 varieties. The agreement in placing the 14 varieties 
by means of the 2.0 g. protein viscosity measurements is probably better 
than by any of the strength measurements. Omitting American Ban- 
ner, the varieties rank in order at Lafayette as follows: Michikof, Pur- 
kof, Fultz, Red Rock, Fulhio, Bald Rock and Michigan Amber even, 
Kawvale, Kharkov, Poole, Nabob, Gladden, and Purdue No. 1. At 
Wooster these varieties arrange themselves as follows: Purkof, Michi- 
kof, Fultz, Michigan Amber, Bald Rock, Red Rock, Kawvale, Fulhio, 
Purdue No. 1, Gladden and Nabob even, Poole, and Kharkov. While 
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the rankings from the two locations are not exactly similar, yet it would 
appear as though the agreement is quite good when the abnormally high 
protein content of the Wooster-produced samples is considered. Those 
varieties known to be strong are shown in the stronger end of the 
series and the weaker varieties in the weak end of the series. 

Correlation studies. To study the degree of association between the 
different measures employed in testing the strength and quality of the 
1934 variety samples, a number of total and partial correlations were 
computed. As no viscosity data were available for the Wooster Trum- 
bull sample, this variety was omitted, leaving 24 varieties from this 
origin. All 20 varieties included in the Lafayette series were used. 
Tables XII and XIII present the resulting coefficients. The data in 
these tables may best be summarized : 

(a) The effect of a wider spread in results from the high protein 
Wooster series is noticeable in the general increased magnitudes of the 
coefficients obtained in these series. 

(b) Considering the baking results from the three formulae, it is 
seen that the regular method gives results associated to a lesser extent 
with amount of protein than do the other two methods. In the high 
protein series, the malt-phosphate-bromate formula results are associ- 
ated to a greater extent with protein than are the bromate formula re- 
sults. With the low protein series, however, there is a small reduction 


TABLE XII 
ToTaL CORRELATION COEFFICIENTS (7,,) OBTAINED ON 1934 VARIETY SAMPLES 


. Wooster series| Lafayette series 
Coefficient between N = 24 N = 20 


x Vey 


+ .2363 
+.6760 
+.7300 
+.8696 
+.8294 
+.5844 


Try 


—.1244 
+.5726 
+.6179 
+ .6086 
+.6691 
+.2785 


Flour protein Flour ash 
do. Loaf volume (regular) 
do. Loaf volume (bromate) 
do. Loaf volume (m-p-b) 
do. Viscosity, 20.0 g. flour 
do. Viscosity, 2.0 g. protein 


Viscosity, 20.0 g. flour 
Viscosity, 20.0 g. flour 
Viscosity, 2.0 g. protein 
Loaf volume 
Loaf volume (m-p-b) 


Loaf volume (bromate) 
Loaf volume (m-p-b) 
Loaf volume (bromate) 
Loaf volume (m-p-b) 


Viscosity, 2.0 g. protein 
Flour ash 
Flour ash 
Flour ash 
Flour ash 


g. flour 


oO. 
Viscosity, 2.0 g. protein 
do. 


+.8942 
+.1981 
+.0811 
+.2058 
+.2926 


+.7112 
+ .8023 
+ .6626 
+ .6845 


+ .8900 
+.2809 
+ .4909 
+.1808 
— .0152 


+.5856 
+ .5293 
+.4091 
+.3626 


N = 20, and .41 where N = 24, in order to be significant. 


With the level of P = .05, or 19:1 odds, correlations must be larger than .44 where 


yse 
ulajoid ‘ATSODSIA 
‘op 


‘op 
yse 


yse 

0'0Z 
‘op 

yse 4 

urajoid sno] 


utajoid *3 
‘op 
‘op 

“3 
‘op 

ulajoid *3 


Ino] 
ulajoid 
utajoid sno] 4 
‘op 
‘op 

*3 ‘Alsoost, 


0 
(q-d-w) 
urajoid *3 
‘op 
ulajoid 
‘op 


‘op 
‘op 
‘op 
‘op 
‘op 
aWINjOA 


“xy 


JUPJSUOD Play 


x 


salias Pye] 19}SOO\\ uvamjaq 


ni 
> 
Q 
Z 
Q 
jee) 
tj 


SUIMNVS ALATAVA NO GANIVLAG (Y) ‘WILYVG ANOS 


July, 1937 eC 571 

++++4+4+ 
+H+4+4++ +4+4+4+44+ 
‘ 
+4+4+444+ 444444 

++4+4+4+4+ 444444 


Vol. 14 


572 SOFT WINTER WHEAT STUDIES. V 


in degree of association with the malt-phosphate-bromate formula as 
compared with the bromate. Preliminary trials with the malt-phos- 
phate-bromate formula with the 1935 crop samples of normal strength 
indicate that possibly the malt-phosphate-bromate formula is too severe 
for normal soft winter wheats. 

(c) It must be concluded that amount of protein in the samples 
tested is the dominating factor determining strength. However, the 
authors are not convinced that quality differences due to variety or 
environment are to be disregarded. While Blish and Sandstedt (1935) 
consider protein content and inherent flour strength as being synono- 
mous, yet it seems questionable whether white wheats of the Dawson or 
Gold Coin type containing 12% to 13% of protein will possess as high 
a baking strength as Michikof of equal protein content, let alone be 
equal to a sound 12% to 13% protein Marquis spring wheat. 

(d) As a measure of strength the 20.0 g. flour viscosities compare 
quite favorably with the bromate baking data, in so far as degree of 
association with amount of protein is concerned. With the low protein 
series, these viscosity data correlate higher with protein amount than do 
the data obtained by any of the three baking formulae, whereas only 
the malt-phosphate-bromate formula gives a higher degree of association 
with the high protein series. 

(e) The partial correlations in Table XIII indicate about the same 
general trends evident in the data obtained from the 1933 crop samples 
(Tables 1V and V). The dominant influence of amount of protein is 
evident by the reduction in correlation between measures of strength 
when the percentage protein is held constant mathematically. Ash is 
seen to be more detrimental in the low protein series when the smaller 
amount of protein present is less able to “carry” the amounts of ash 
present. It may be observed that the protein quality factor, represented 
by the 2.0 g. protein viscosities, when held constant, reduces the size 
of the coefficients between two strength measurements such as loaf 
volume and viscosity, 20.0 g. flour basis. However, in the case of the 
1933 samples, holding the quality factor constant increased the degree 
of association between loaf volume and strength determined by viscosity. 


Statistical Studies, 1935 Crop 


Two series of 1935 crop samples give some additional data on the 
usefulness of some of the tests being used to evaluate soft wheat vari- 
eties at present. These two series consisted of samples grown in Ohio 
only. The shorter series consisted of 24 samples of Trumbull wheat 
grown under different fertility conditions in the 5-year rotation at 
Wooster, while the longer series consisted of five standard check vari- 
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eties, Trumbull, Fulhio, T. N. 1006,° Purdue No. 1, and T. N. 1029, 
each grown at 8 different county farms. The second and longer series 
therefore consisted of 40 samples. All of the varieties included in this 
series are of suitable quality for the trade although they are not of 
identical quality characteristics. 

Tables XIV and XV give the results of the statistical studies made 
upon these two series. While some of the coefficients are too small to 
be significant, yet many of the larger statistics do give valuable indica- 
tions and confirm the results obtained on the 1933 and 1934 samples. 
Thus, the paramount influence of protein upon the sample is again 
notable. The three measures of strength, 7.e., loaf volume, viscosity 
(20 g. flour), and time, are again positively correlated with amount of 
protein. The viscosity test (20 g. flour) compares favorably with the 
baking test but the time test makes a poorer showing than the other two 
measures of strength. 

The viscosity, 2 g. protein, measurements on these samples are defi- 
nitely negatively correlated with amount of protein, differing in this 
respect from the results of the 1933 and 1934 samples. The two 1935 
series indicate that a unit of protein from a low protein sample is of 
higher quality than a unit from a high protein sample of the same 
variety. 

Generally speaking, the magnitudes of the county farm series coeffi- 
cients are less than those obtained on the 5-year rotation series. The 
difference may be due to variability in the county farm samples brought 
about by the number of varieties. Undoubtedly, much of the variabil- 
ity is due to the influence of the climatic conditions and the several soils 
upon which these samples were grown. 


Summary 


A three-year study of various measures of flour characteristics is 
reported upon. The relationship existing between some of the different 
measurements has been brought out by statistical means. 

The study shows clearly the outstanding importance of protein con- 
tent upon the strength of soft wheat flour. Amount of protein, deter- 
mined by ordinary Kjeldahl methods, is probably the most important 
single test available today which is both accurate and rapid. With 
sound wheat of approved varieties, the protein determination gives much 
valuable information and is a good measure of probable flour strength. 
The protein test, however, takes no account of differences in protein 
quality which exist between different varieties and affect the strength of 
flour. 
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Viscosity measurements as a possible measure of protein quality, 
made upon samples containing a uniform quantity of protein, proved 
promising but not entirely conclusive. The results indicate that further 
work along these lines would be warranted. 

Several baking formulae were tried and it appears that the use of 
bromate is desirable in experimentally milled, unbleached samples. The 
use of malt and phosphate in conjunction with bromate appears to be 
a promising method for baking soft winter wheat flours. 

Of the three measures of strength, namely, loaf volume, viscosity 
based on 20 g. flour, and time as determined upon wheat meal, the first 
two proved more accurate and sensitive than the time test. The vis- 
cosity test (20 g. flour) gives indication of being a satisfactory measure 
of flour strength. 

Significant differences in protein quality within one variety are in 
evidence when a variety is grown under several environmental condi- 
tions. The factors producing these differences are undoubtedly com- 
plex and niuch work will be necessary in order to determine the relative 
importance of the various factors entering into protein quality and 
quantity. 


Acknowledgments 


The authors wish to acknowledge the financial and laboratory as- 
sistance provided by the National Milling Branch of the National 
Biscuit Company, under the auspices of the Tri-State Soft Wheat Im- 
provement Association, Toledo, Ohio, under which a part of these 
studies was made. 

Acknowledgment is also made to John T. McClure, Statistician, Ohio 
Agricultural Experiment Station, and to Roy Bates, Assistant, for 
carrying out many of the mathematical computations involved. 


Literature Cited 


Aitken, T. R., and Geddes, W. F. 
1934. The behavior of strong flours of widely varying protein content when 
subjected to normal and severe baking procedures. Cereal Chem, 11: 
487-504. 
American Association of Cereal Chemists. 
1928 Methods for the analysis of cereals and cereal products. Lancaster 
Press, Lancaster, Pa. (out of print). 
Bayfield, E. G. : 
1934 Soft winter wheat studies. II. Evaluating experimentally milled flours 
with the aid of viscosity, fermentation, and baking tests. Cereal Chem. 
11: 121-140. 
1935 Soft winter wheat studies. III. The effect of some factors influencing 
viscosity and protein. Cereal Chem. 12: 1-16. 
1935a Report of the subcommittee on viscosity. Cereal Chem, 12: 532-535. 
1935b Soft winter wheat studies. IV. Some factors producing variations in 
wholemeal “ time” data. Cereal Chem. 12: 559-568. 


July, 1957 E. G. BAYFIELD AND V. SHIPLE 577 


1936 The influence of climate, soil, and fertilizers upon quality of soft winter 
wheat. Ohio Agr. Exp. Sta., Bul. 563. 
1936a Report of the subcommittee on viscosity. Cereal Chem. 13: 773-788. 
——, and Shiple, V. 
1933 Soft winter wheat studies. I. The suitability of the A. A. C. C. basic 
baking procedure for the determination of strength. Cereal Chem. 10: 
140-148. 
Blish, M. J., et al. 
1928 Report of committee on standardization of experimental baking test. 
Cereal Chem. 5: 277-300. 
——, and Sandstedt, R. M. 
1935 Definition and measurement of “ flour strength” as an inherent prop- 
erty of wheat. Cereal Chem. 12: 653-064. 
Clark, J. Allan, and Quisenberry, K. S. 
1933 Distribution of the varieties and classes of wheat in the United States 
in 1929. U.S. D. A. Cir. 283. 


THE SULFUR CONTENT OF WHEAT ' 


J. E. Greaves and A. F. BRACKEN *** 


Agricultural Experiment Station, Logan, Utah P 


(Received for publication February 10, 1937) 


Sulfur is an essential element of plant and animal nutrition. It is 
an important part of the protein molecule and enters into the make-up 
of every cell. Feathers, hair, horn, nails, and skin are especially rich 
in sulfur. Insulin and glutathione, which play such vital roles in 
cellular metabolism, contain it. It must be supplied in the diet in the 
organic form, probably as cysteine or methionine. 

The mineral constituents of wheat have been found to vary with 
soil, seasons, rainfall, and especially with variety (see Greaves and 
Hirst, 1929). It has been shown also that variety is an important fac- 
tor governing the nitrogen content of arid wheats (see Stewart and 
Greaves, 1908), and there is considerable evidence that variety is a pre- 
dominating factor determining copper content (Greaves and Anderson, 
1936). Sulfur, being a constituent of the protein molecule, will prob- 
ably vary in the wheat kernel with nitrogen; hence, the purpose of this 
investigation was to determine the quantity of sulfur in wheat, the pro- 
portion that is inorganic, the relationship of sulfur to nitrogen, and how 
the sulfur content varies with variety. 


Methods 


In the project under discussion the wheat was grown on the Nephi 
Dry-land Substation located about five miles south of Nephi, Utah, on 
the north slope of the Levan Ridge. The soil is a typical deep dry-farm 
type derived from the weathering of the adjacent mountain ranges which 
contain deposits of phosphates, potassium, and large quantities of gyp- 
sum. The soil of the farm is a clay loam and contains in the surface 
foot-section 4100 pounds of total nitrogen, 7000 pounds of total phos- 
phorus, 86,000 pounds of total potassium, 1480 pounds of total sulfur, 
42,000 pounds of organic carbon, 69,000 pounds of magnesium car- 
bonate, and 139,009 pounds of calcium carbonate. Consequently, it is 
rich in all the plant-food elements, water being the limiting factor of 
crop production. The average annual rainfall is 13 inches. é 


1 Contribution from Departments of Chemistry and Bacteriology and of Agronomy and Soils. 
? Chemist and Associate Agronomist, respectively. 
* Publication authorized by Director, Utah Agricultural Experiment Station. 
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The results reported in this paper represent analyses of wheat grown 
on this soil. The samples were obtained as follows: Each yearly sample 
was composed of three replications ; the samples used for analyses were 
further composited from wheat grown during each of seven years. 
Each analyzed sample was a composite of twenty-one samples. The 
results reported represent the averages of three or more closely agreeing 
determinations from such a composite sample. 

The total sulfur content of the wheat was determined by the sodium- 
peroxide fusion method of the Association of Official Agricultural 
Chemists (1930). Sulfate sulfur was determined by the method of 
Woodman and Evans (1933) and the nitrogen content by the Kjeldahl- 
Gunning-Arnold method of the A. O. A. C. 

The results for twenty-one varieties of wheat grown on the same 
soil and under similar conditions are given in Table I. It will be ob- 
served that the average sulfur content for spring wheats was higher 
than that for winter wheats. For the spring wheat varieties, Hard 
Federation ranked first having 0.22% sulfur with Chul lowest contain- 
ing 0.18%. Turkey 926, a Utah pure-line selection, was first for the 
winter wheats with 0.21% sulfur. Newturk and Kharkof-Hayes No. 2 
were lowest each with 0.15%. Between Hard Federation and the low- 
est winter wheat there was a variation in sulfur content of 46%. These 
same wheat varieties were found to vary 300% in copper content with a 
much smaller variation due to soil treatment and tillage (see Greaves 
and Anderson, 1936). Wheat grown in another location on soils low 
in sulfur carried 0.19% sulfur, approximately the quantity found in 
these wheats grown on a soil extremely rich in sulfur (see Greaves and 
Hirst, 1929). These wheat varieties are low in sulfur as compared with 
those reported by Sherman (1934). This may be due to differences in 
rainfall and seasonal influences as it is known that irrigation water 
exerts a marked influence on the composition of grains (see Greaves and 
Hirst, 1929). 

The nitrogen content of the twenty-one wheat varieties, within rea- 
sonable limits, is closely associated with that of sulfur. The correla- 
tion coefficient of 0.81 is highly significant. Since variety has been 
found to exert an influence on the nitrogen content of wheat (Stewart 
and Greaves, 1908) it is reasonable, in light of the high correlation, that 
the amount of sulfur likewise may change with variety. 

All of these wheats were carefully tested by the Woodman-Evans 
(1933) method for inorganic sulfur and, within the accuracy of this 
method, found to be practically free from sulfur in this form. Hence, 
there appears to be a small variation in the non-protein-carrying nitro- 
genous constituents of these wheats. It is evident that where organic 
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TABLE I 


PERCENTAGES OF SULFUR AND NITROGEN AND THE NITROGEN-SULFUR RATIO OF 
TWENTY-ONE VARIETIES OF WINTER AND SPRING WHEATS GROWN ON 
THE SAME SOIL AND UNDER SIMILAR CULTURAL CONDITIONS 


Ratio 
Variety Sulfur Nitrogen n/s 


40 
Spring wheats 
Hard Federation 
Early Baart 
Kubanka 
Regenerated Defiance 
Marquis 
Chul 
Average 
Winter wheats 
Turkey 926 
Karkof 
Sevier 59 
Utac 
Kofod X Turkey 237 
Turkey 
Sevier 34 
Kharmont 
Montana 36 
Kofod 
Tenmarq 
Black Hull 
Alton 
Newturk 
Kharkov-Hays No. 2 
Average 


NNN 


TABLE Il 


PERCENTAGE OF SULFUR AND NITROGEN AND NITROGEN-SULFUR RATIO IN WHEAT 
GROWN UNDER VARIOUS MANURING TREATMENTS 


Ratio 
Treatment Sulfur Nitrogen n/s 


/ 


Check-fall plowed for fallow 

Peas plowed under when 6 inches high for fallow 
Peas plowed under when 12 inches high for fallow 
Peas plowed under when in bloom for fallow 

Peas plowed under when in pod for fallow 

Wheat plowed under when 6 inches high for fallow 
Wheat plowed under when 12 inches high for fallow 
Wheat plowed under when in bloom for fallow 
Wheat plowed under when in dough for fallow 

All straw returned to land and plowed under for fallow 
All straw returned to land and burned for fallow 
High stubble plowed under for fallow 

High stubble burned 

Check-fall plowed 


AP 


Average 
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0.19 2.62 
2.72 
18 2.83 
19 2.98 
19 
.16 
17 
17 
17 
19 
18 
18 
17 
A7 15.5 
18 14.7 
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sulfur is the limiting factor of growth, which at times may be the case 
in wool production, high sulfur-carrying wheats may be superior to 
the low sulfur-carrying varieties. 

Table II gives the sulfur content of Kanred winter wheat grown on 
this same soil but receiving varying cultural treatments. 

The average sulfur content of the wheat grown under varying con- 
ditions as shown by Table II was 0.18%, approxiniately the same as the 
average for the fifteen varieties of winter wheat. However, the varia- 
tion between the two extremes in this case is 29% and in the case of the 
varieties, 46%. Plowing under of legumes is known under certain 
conditions to increase the nitrogen content of wheat. Slight increases 
are likewise shown by these data and, while the correlation coefficient 
with sulfur is approximately .80, yet the increased sulphur content of 
wheat grown following a fallow during which peas were plowed under 
for green manure is not wholly consistent. No inorganic sulfur was 
found in the wheat samples of this test. 


Summary 


Twenty-one varieties of wheat were grown under the same condi- 
tions on a soil rich in sulfur and were found to have an average sulfur 
content of 0.18% with a variation due to variety of 46%. When grown 


under various cultural conditions the average was approximately the 
same, but the variation between different samples was considerably less. 
Apparently, cultural methods which tend to increase the productivity of 
the soil have in this case only slightly if at all increased the sulfur con- 
tent of the wheat. <A highly significant correlation was found to exist 
between the total sulfur and total nitrogen of the wheat. The evidence 
points to the conclusion that all sulfur in these wheats was in the 
organic form. 
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PRESIDENTIAL MESSAGE 
Harry D. Liccrrr, Jr. 


Colorado Milling & Elevator Co., Denver, Colorado 


(Read at the Annual Meeting, Minneapolis, Minnesota, May 24, 1937) 


We are assembled for the Twenty-Third Annual Meeting of the 
American Association of Cereal Chemists. It has been nine years since 
we have held a convention in Minneapolis and much has happened dur- 
ing that time. Many innovations have taken place in the laboratories 
and in the Association during this period of years, but our interest in 
cereal chemistry is the same as it was then. We are glad to meet again 
in Minneapolis and we are looking forward to a very instructive and en- 
joyable time while we are here. 

I stand before you, not as a great scientist, but merely as the person 
upon whom you conferred the honor of President at our Dallas conven- 
tion, last year. I will not endeavor to give you a scientific talk because 
I do not feel capable of doing so. I will, however, try to give you a 
brief report on the activities of the Association during the past year, and 
will, in all humbleness, present a few recommendations to you. 

First of all, it is a pleasure to report that due to the efficient efforts 
of many members, our Association is in a thriving condition. Because 
of the good work done by our Membership Committee, officers and 
members at large, we are nearly at the 600 mark in membership. We 
now have about 580 members, which means that we have gained ap- 
proximately 60 new and reinstated members during the year; that is, 
from June 1935 to the present date. This certainly is a mighty fine 
increase and evidently shows that the interest in all branches of cereal 
chemistry is growing. 

Due to the usual efficient work of Mr. Mize, our Treasurer, we find 
that we have gone through another year with a surplus. He states that 
we show an increase in the size of all Association activities and still we 
have maintained a substantial surplus in income over expenditures in 
each account. Apparently we are in a very healthy financial condition, 
and all departments of the Association are to be congratulated upon 
operating within their budgets. 

Our Secretary, Mr. Putnam, has conducted his office with utmost 
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precision and has been of great assistance to the other officers, and 
especially to your President. 

CrereAL CuemMistry has continued to grow in size and quality, and 
warrants the enthusiastic support of every member of the Association. 
You have the published account of its finances and have received the 
journal every two months throughout the past year. They speak very 
eloquently for themselves. Because of the rapid increase in volume 
size, it was necessary to increase the subscription rate of non-members 
to $6.00 a year. I feel that this Association project is very capably and 
efficiently handled. 

Because of the overwhelming vote in favor of continuing the report 
of convention proceedings, we will continue as usual and give them to 
you as soon as possible after the close of the convention. 

The sectional activities have been great during this year. It seems 
to me that the sections have become better organized, and are carrying 
on activities which tie in closer with those of the National Association 
than ever before. However, there are many members, of certain sec- 
tions, who are not members of the National body. We should strive 
constantly, to increase the percentage of National members within the 
sections. It seems to me that anyone who is sufficiently interested in the 
work of a particular section to become a member of that section, cer- 
tainly is a potential member of the National Association. 

The committee work, this past year, has been carried on about the 
same as previously. Although the personnel of the committees was 
changed, only one committee was dropped from the large number that 
we have. As there was not sufficient interest shown in the Pie Flour 
Committee, it was dropped. Since the Association is growing so 
rapidly, and certain questions have arisen during the year, a Special 
Committee has been appointed to investigate the requirements for mem- 
bership in the Association. This Committee was appointed at the re- 
quest of the Executive Committee and will give its report and recom- 
mendations at this convention. I want you to pay particular attention 
to this report because the future action of your Membership and Execu- 
tive Committees may be governed by any action you may take at this 
time. 

The Committee on Standardization of Laboratory Baking, under the 
able leadership of Claude Davis, has created much interest and conjec- 
ture, by having each section take up for discussion Dr. Blish’s paper on 
“The Present Status of the ‘Standard’ A. A. C. C. Baking Test” 
which he delivered in Dallas. Although much of the work of this Com- 
mittee has been of an investigational character, I feel that it is of great 
importance because it may chart the course of this work in the future. 
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As many of you know, it has been exceedingly hard to get delivery 
on the Swanson Mixer as it was handled by the Hobart Manufacturing 
Company. It became necessary to make a change in our source of sup- 
ply, and upon checking with Dr. Swanson we decided to place the manu- 
facturing of this apparatus with the G. R. Manufacturing Company of 
Manhattan, Kansas. It will be a self-contained unit, and will be at 
slightly higher cost than the attachment. I hope that we may have a re- 
port from Dr. Swanson concerning the status of this endeavor, as he 
has been supervising the construction of the first machine. 

I have dwelt at some length on the work of our committees. I do 
not want anyone to think that I am criticizing any committee, committee 
chairman, or our system of appointing committees, in the thoughts 
which I want to present to you. I have had the utmost cooperation 
from all chairmen and members of committees, for which I am very 
grateful. I have carried on considerable discussion and correspond- 
ence with certain of our members about this problem and I find that 
many of them feel the same as I about it. You may ask, what is this 
problem? Merely this. Are we getting from certain committees the 
results which we might expect and have they a coordinated program? 
The duties of certain committees are very definitely outlined, in that 
they are to do a specific task, such as for instance, the Auditing Com- 
mittee. The duties of certain other committees are not definitely out- 
lined and consequently we have grown into the habit of appointing a 
chairman and committee chiefly upon the basis of who is willing to ac- 
cept the job for one year. Some of the members feel that we have been 
drifting along in somewhat of a haphazard manner, in so far as much 
of our committee work is concerned. With no definite program in 
mind, it is logical to assume that many committee members continue to 
do something of their own selection. There is no doubt that we have 
benefited greatly from the committee work which has been done, even 
though it may have been done with a lot of wasted effort. It may be 
that our present system is the only one feasible under our circumstances. 
If some of our committees are wandering about in an aimless fashion, 
and if there is a lot of lost motion with no definite objective in sight, 
then we are at fault and are usurping a lot of time from these com- 
mittee members which might well be spent in other channels of en- 
deavor. One way out of this would be to find an individual who is well 
qualified and willing to devote his time over an indefinite period, or 
until the method or project is perfected and accepted, or definitely 
abandoned. Under this plan it would be up to this individual to select 
his associates and collaborators. If it is impossible to find such indi- 
viduals in our Association, then there is no need of considering this plan. 
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You may be satisfied with our system of appointing committees; if so, 
then I have spoken out of turn. My reason for bringing this before 
you is simply this. Last summer when I finally prevailed on Dr. Sand- 
stedt to accept the Chairmanship of the Methods Committee, he wrote 
me and asked me, “ What are the duties of the Methods Committee ?”’. 
I was obliged to answer him, “I do not know.” It may be that I am 
ignorant concerning these things; if so, I apologize for taking up so 
much of your time. Quoting from a letter from one member, “ We 
should at least be able to define the purposes and objectives of some of 
our endeavors a little more clearly than they are now understood, so 
that when a man is appointed to a committee he has some idea of what 
he is supposed to be aiming at. Possibly there is need for a little more 
thought and planning toward the promotion of organization and 
continuity of some of our committee work.” I believe he stated my 
thoughts better than I can do myself. I have requested that all com- 
mittee chairmen present their recommendations to you concerning the 
future work to be done by their respective committees. I feel that a 
critical study should be made of the committee work, otherwise the 
original objective of these committees may be lost. 

I feel that I should talk briefly to you concerning the work of two 
of our retiring officers, namely M. D. Mize and H. W. Putnam. Mr. 
Mize was elected Secretary-Treasurer of our Association nine years ago 
at the convention held in Minneapolis in 1928. He carried on all of 
the work pertaining to these two offices until 1935, when the offices were 
split and H. W. Putnam became our Secretary. During Mr. Mize’s 
‘regime as Treasurer, our Association has had its most rapid growth in 
members, endeavors and finances. Due to his experience and knowl- 
edge of Association affairs, he has handled all of the financial affairs of 
the Association. Now that he has expressed a desire to retire from 
this office, which he has filled so capably, I feel that we will be imposing 
too much on our newly elected Treasurer, whoever he may be, by ex- 
pecting him to assume all of the duties which have fallen to the lot of 
Mr. Mize. Therefore, I have sanctioned the recommendation which 
the Auditing Committee will present to you through Dr. H. K. Parker, 
its Chairman. 

Although Mr. Putnam’s tenure in office has been quite a lot shorter 
than that of Mr. Mize, he has organized the Secretary's job to the ex- 
tent that it has become of utmost benefit to the other officers of the As- 
sociation, and to the coordination of sectional activities. 

I feel that the Association owes both Mr. Mize and Mr. Putnam a 
sincere vote of thanks for the very generous way in which they have 
given of their time and ability over a long period of years. 
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1 wish to take this opportunity to express my sincere appreciation to 
the other officers of the Association, members of the Executive Com- 
mittee, the committee chairmen, the committee members, and all mem- 
bers of the Association who have taken an active part during the past 
year. It will always be a pleasant memory to me when I think of the 
splendid cooperation of the members and the wonderful way in which 
these members have accepted the duties assigned to them. I wish to 
pay a special tribute to Dr. Betty J. Sullivan, Chairman of the Pro- 
gram Committee, and to Dr. F. A. Collatz, Chairman of the Local Ar- 
rangements Committee, both of whom have given unstintingly of their 
time and abilities in order to make this meeting an outstanding success. 


MINUTES OF THE TWENTY-THIRD ANNUAL MEETING OF 
THE AMERICAN ASSOCIATION OF CEREAL CHEMISTS 


Hotel Nicollet, Minneapolis, Minnesota 
May 24 to 28, 1937 


H. W. Putnam, Secretary 


All records for total attendance and general interest were broken at the 
Twenty-Third Annual Meeting of the American Association of Cereal Chemists 
in the Nicollet Hotel, Minneapolis, Minnesota. 

President H. D. Liggitt, Jr., presiding, called the meeting to order at 9:35 
a.m., Monday, May 24, 1937. The opening invocation was given by the Reverend 
Dr. Charles P. Deems. 

A telegram from C. W. Partridge, Secretary of the Association of Operative 
Millers, was read extending good wishes for a successful meeting. Invitations to 
hold future annual meetings in various cities were turned over to the Executive 
Committee for consideration. 

F. A. Collatz, chairman of the Local Arrangements Committee, outlined the 
plans for entertaining the members and guests during the week. 

President Liggitt presented Betty Sullivan, chairman of the Program Com- 
mittee, who stated her committee had endeavored to provide a program all would 
like from a scientific standpoint. She asked the members to make it a success by 
taking an active part in the discussions following each paper. 

Mr. Liggitt next read his Presidential Message, printed on pages 582-586 of 
this issue of CEREAL CHEMISTRY. 

C. H. Bailey introduced Alonzo E. Taylor, who spoke on “ The Trend of 
Cereal Intake in the Modern Diet.” Dr. Taylor traced the many influences which 
have shaped the present diet and outlined their effects on cereal intake. Question 
by J. G. Malloch. 

Following Dr. Taylor’s address, President Liggitt complimented the Local 
Sections of the Association on their activities and asked the members of each to 
stand and take a bow. 

E. W. Hullett of Christchurch, New Zealand, R. Singh, Lyallpur, India, and 
Arthur Hartkopf, Duisburg, Germany, were introduced as visitors who had come 
the greatest distances to attend the meeting. 

The meeting was recessed for luncheon at 11:20 a.m. 

The technical meeting opened at 2:20 p.m. 

Following some brief announcements, the meeting was turned over to R. K. 
Durham, presiding officer, who called on R. M. Sandstedt, chairman of the Com- 
mittee on Methods of Analysis, to read the general report of his committee. 

Paper—“ Report of Sub-Committee on Viscosity,” by E. G. Bayfield. 

Paper—“ Short Cuts and Gadgets,” by J. T. Flohil. 

Paper—"“ Sucrose in Flour,” by R. M. Sandstedt. Question by J. H. Lanning. 

Paper—“ A Short Gassing Power Method,” by R. M. Sandstedt. 

Paper—“ A Comparison of the Long and Short Gassing Power Methods,” by 
C. F. Davis. Discussion by H. C. Gore and R. M. Sandstedt. 

Paper—“ Mixing Doughs in Vacuum and in the Presence of Various Gases,” 
by J. C. Baker and M. D. Mize, read by Dr. Baker. Questions by G. E. Findley, 
C. G. Ferrari, and J. W. Read. 

Paper—*“ Some Results with a New Recording Dough Mixer,” by J. G. Mal- 
loch. Questions by R. H. Harris, E. G. Bayfield, J. W. Read, and Arthur 
Hartkopf. 

Paper—“ Oven Spring of Dough as Correlated with Certain Properties of 
Bread,” by W. O. Whitcomb, summary read by W. F. Geddes. 

Paper—“ The Colloidal Behavior of Flour Doughs,” by Max C. Markley. 

The meeting recessed at 4:30 p.m. 
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After the meeting, members and guests assembled for an automobile trip 
through the campus of the University of Minnesota followed by a picnic and mixer 
in the gymnasium at University Farm in St. Paul. 


Tuesday, May 25 


President Liggitt reopened the meeting at 8:38 a.m. by introducing Washington 
Platt as the presiding chairman. 

Paper— Wheat—Its Proteins and Nutritional Properties,” by D. Breese 
Jones. Discussion by C. H. Bailey, Frank L. Gunderson, M. J. Blish, and Betty 
Sullivan. 

Paper—* Action of Wheat Amylases on Raw Wheat Starch,” by M. J. Blish, 
Rk. M. Sandstedt, and D. K. Mecham, read by M. J. Blish. Discussion by J. W. 
Read, Frank C. Hildebrand, and Earl B. Working. 

Paper—" Fractionation and Enzyme Lability of Wheat Amyloses,” by Olaf 
Stamberg and C. H. Bailey, read by Olaf Stamberg. Questions by J. W. Read, 
and Sutton Redfern. 

Paper—* Quantitative Spectro Photoelectric Analysis Applied to Carotenoid 
one Chlorophyll Pigments in Ternary and Quaternary Systems,” by Elmer S. 

iller. 

Paper—* Variability in Carotenoid and Chlorophyll Pigments Among Corn 
ia ybrids and Inbred Lines,” by Iver J. Johnson and Elmer S. Miller, read by Dr. 

ohnson, 

Paper—“ A Comparative Study of the Utility of Various Commercially Avail- 
able Organic Solvents for the Determination of Wheat and Flour Pigments,” by 
D. S. Binnington, L. D. Sibbitt, - W. F. Geddes, read by D. S. Binnington. 
Discussion by C. H. Bailey. 

Paper—* Some Observations on the Fractionation of the Wheat Flour Pro- 
teins in the Light of Colloid Chemistry,” by C. E. Rich. 

Paper—*“ Mechanical Shaking Device,” by L. F. Borchardt, F. C. Hildebrand, 
and B. A. McClellan, read by F. C. Hildebrand. Question by J. M. Doty. 

Paper—" The Effect on Flour Strength of Increasing the Protein Content by 
Addition of Dried Gluten,” by T. R. Aitken and W. F. Geddes, read by T. R. 
Aitken. Discussion by C. H. Bailey, M. D. Mize, and Grant R. Astleford. 

President Liggitt made a few announcements, stating among other things that 
the registration had already reached a record-breaking total. The meeting was 
closed at 12:01 p.m. 

Tuesday afternoon was devoted to industrial trips and recreation. The annual 
golf tournament was held at the University of Minnesota Recreation Field, St. 
Paul. A diversified recreation program which included horse shoe pitching, pistol 
and rifle target shooting, and a milk bottle contest proved popular with those not 
caring for golf or the industrial tours which included a brewery, a macaroni plant, 
and a linseed oil plant. 

(The Tuesday program for the ladies included golf, tours of the Walker Art 
Gallery and the Minneapolis Institute of Art, and an automobile trip to the lakes 
within Minneapolis. ) 


Wednesday, May 26 


President Liggitt called the meeting to order at 8:53 a.m. and asked for the 
minutes of the Twenty-Second Annual Meeting of the Association. Since these 
had been printed in CereAL Cuemistry 13: 477-491 (1930), they were referred 
to but not read and were approved without objection or correction. 

Similarly, the Report of the Treasurer was not read since it appeared in 
CereaL CHemistry 14: 442-444 (1937). Its acceptance was moved by M. D. 
Mize; seconded by R. W. Mitchell; carried. 

The Secretary read his report printed on page 595 of unis issue. C. H. Bailey 
moved acceptance ; seconded by C. F. Davis; carried. 

The Publicity Committee was complimented for its consistently fine work on 
behalf of the Association. Chairman West's report appears on page 598 of this 
issue. 

The -report of the Committee on the Osborne Medal Award printed on page 
598 was read by C. G. Ferrari, who moved acceptance of the report; seconded by 
Frank C. Hildebrand; carried. 
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R. C. Sherwood read the report of the Inter-Relations Committee given on 
page 596 and moved its acceptance; seconded by Quick Landis; carried. 

C. H. Bailey gave the report of the Executive Committee appearing on page 
594 and moved its acceptance; seconded by Perie Rumold; carried. Dr. Bailey 
stated the Executive Committee had received numerous invitations from various 
cities asking to be host to future annual meetings. 

The formal reports of the Auditing Committees which examined the books 
of the Treasurer and of the Managing Editor of Cereat CHEMISTRY appeared in 
CereaAL CuHeMistry 14: 444 (1937). These were referred to by H. K. Parker, 
chairman, who moved their adoption; seconded by Pearl Brown; carried. 

In addition, Dr. Parker presented the recommendation of the committee that 
an Investment Committee be set up to direct the handling of the surplus funds of 
the Association. 

C. H. Bailey moved that an Investment Committee composed of three members 
be appointed by the Executive Committee to direct the holding, maintaining, and 
investing of the investable funds of the Association; that the members of the 
committee serve for a term of three years each; that the terms of office be arranged 
so that one appointment will be made each year; and that the chairman of the 
Investment Committee be required to make an annual report of the condition of all 
funds of the Association. Seconded by Washington Platt; carried. 

The report of the History Committee printed on page 596’was read by Leslie 
R. Olsen who moved its acceptance; seconded by Hugh K. Parker; carried. 

Elsie Singruen gave the report of the Membership Committee. R. C. Sher- 
wood moved its acceptance; seconded by Washington Platt; carried. 

The report of the special Committee on Membership Requirements, shown on 
page 597, was read by R. C. Sherwood who moved acceptance of the report; 
seconded by William L. Heald; carried. 

President Liggitt referred to the work of the Traffic Committee as their own 
best report. A formal statement by Chairman G. Norman Bruce appears on page 
599 


The recommendations made by the Committee on Methods of Analysis were 
read by R. M. Sandstedt. These recommendations provoked a good deal of dis- 
cussion on the policies to be followed by the Association in connection with the 
activities of various committees. Questions were raised by Pearl Brown, Perie 
Pitts, Washington Platt, M. A. Gray, L. H. Bailey, C. H. Bailey, W. F. Geddes, 
and R. Wallace Mitchell. Acceptance of the recommendations was moved by 
Washington Platt; seconded by Perie Pitts; carried. 

President Liggitt recognized Washington Platt who, on behalf of the past 
presidents of the Association, presented to Mr. Mize an inscribed silver tray. Mr. 
Mize expressed his appreciation of their friendliness and his personal satisfaction 
in the opportunity to work with each of them. 

Betty Sullivan, chairman of the Program Committee, expressed regret for 
any apparent crowding of the program and explained some of the difficulties in- 
volved in choosing the papers for presentation. 

Howard M. Simmons, chairman of the Cincinnati Section, thanked the Asso- 
ciation for selecting Cincinnati for 1938 and promised a successful meeting. (See 
report of the Executive Committee.) 

Following announcements by R. C. Sherwood and F. A. Collatz, President 
Liggitt appointed Perie Rumold, D. A. MacTavish, William L. Haley, and V. E. 
Fisher as tellers for the election of officers. 

R. Wallace Mitchell gave the report of the Nominating Committee, as fol- 
lows: for president, C. H. Bailey; for vice-president, William KF. Geddes and 
Claude F. Davis; for secretary, James M. Doty; for treasurer, Oscar Skovholt; 
for editor-in-chief of CrereaAL Cuemistry, D. A. Coleman; and for managing 
editor of Cereat Cuemistry, C. C. Fifield. Acceptance of the report was moved 
by W. E. Stokes, seconded by Max Markley, carried. 

Betty Sullivan moved that the nominations for president be closed; seconded 
by William V. Van Scoyk; amended by R. C. Sherwood to provide for casting 
a unanimous ballot for Dr. Bailey; seconded by A. G. Olsen; carried. 

Further nominations for vice-president were George Garnatz by Raymond T. 
Bohn and Charles N. Frey by Elsie Singruen. Both of these members withdrew 
their names. C. B. Kress moved that nominations for vice-president be closed; 
seconded ; carried. The balloting resulted in the election of William F. Geddes as 
vice-president of the Association. 
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Unanimous ballots were cast for James M. Doty, Oscar Skovholt, D. A. Cole- 
man, anf C. C. Fifield. These actions were taken individually from motions 
properly seconded and carried, and introduced respectively by the following mem- 
bers: Lewis O. Mather, C. B. Kress, H. W. Rohde, and M. D. Mize. 

Following an announcement by R. C. Sherwood, the meeting was turned over 
to Claude F. Davis, as presiding chairman, at 10:47 a.m. 

Mr. Davis plunged at once into the reading of the “ General Report of the 
Committee on Experimental Baking.” After discussion of the report by Charles 
N. Frey, J. G. Malloch, and R. Wallace Mitchell, Mr. Davis moved the adoption 
of the report; seconded by R. Wallace Mitchell; carried. 

Paper—“ Studies on the Adaptation of the Sponge Method to the Tentative 
A. A. C. C. Baking Test,” by Jacob Freilich and Quick Landis, read by Jacob 
Freilich. Questions by Raymond T. Bohn, R. K. Durham, and W. F. Geddes. 

Paper—* A Comparison of 1x, 2xx, and 4xxxx Tin Pans in Experimental 
Baking,” by D. Worley and C. F. Davis; summary read by C. F. Davis. Ques- 
tion by Oscar Skovholt. 

Paper—* A Comparative Study of Metal and Glass Experimental Baking 
Pans,” by D. S. Binnington, H. M. Fisher, and W. F. Geddes, read by D. S. 
Binnington. 

Paper—* Progress Report and Co-operative Test of Punching and Moulding 
Machine,” by J. G. Malloch. Question by R. Wallace Mitchell. 

Paper—‘ An Improved Wide-Range Apparatus for Small 
Loaves,” by D. S. Binnington and W. F. Geddes, read by D. S. Binnington. Dis- 
— and questions by C. H. Bailey, William H. Cathcart, and Charles G. 

errari. 

Paper—*“ The Scientific Basis for Experimental Baking Procedures,” by Max 
C. Markley. Discussion by Oscar Skovholt and Harry Brouilett. 

President Liggitt recessed the meeting for luncheon at 12:23 p.m. 

The meeting was reopened at 2:05 p.m. when President Liggitt called on R. C. 
Sherwood to preside. 

Dr. Sherwood presented George Garnatz as chairman of a symposium on 
“The Correlation of Laboratory Baking Test Results With Shop Practice.” 

Harry G. Brouilett gave the first paper—“ A Bakery Engineer’s Views on the 
Correlation of Laboratory Baking Test Results with Shop Practice.” Discussion 
by Washington Platt. 

Answers to some of the problems presented by Mr. Brouilett were given in 
material prepared in advance by R. Wallace Mitchell, L. W. Haas, Pearl Brown, 
G. Moen, Charles N. Frey, R. J. Clark (abstract read by Earl B. Working), Ray- 
mond T. Bohn, and C. G. Harrel (not read because of lack of time), each of whom 
represented a slightly different point of view. These papers were discussed by 
Max Markley, C. B. Kress, William V. Van Scoyk, R. Wallace Mitchell, and 
Quick Landis. 

_ _The meeting was turned back to Dr. Sherwood who called on William H. 
Catheart for his paper—‘“ Bread Flavor.” Discussion by L. W. Haas, Charles N. 
Frey, Washington Platt, C. B. Kress, and A. A. Towner. 

_ _Paper—* The Mechanism of Dough Structure in Dough Fermentation,” by 
C. W. Brabender, read by Arthur Hartkopf. Discussion by W. F. Geddes. 

The meeting was recessed at 5 p.m. 

The annual banquet was held at the Minneapolis Automobile Club. Robert 
T. Beatty, as the genial toastmaster, introduced the new officers. A delightful 
evening of entertainment, dancing, and bridge playing followed the dinner. 

(The ladies were entertained earlier in the day at luncheon in the Chatterbox 
of the Hotel Nicollet, followed by a “ Bingo” party.) 


Thursday, May 27 


_ President Liggitt opened the meeting at 9:00 a.m. and at once called on M. J. 
Blish to preside. 

__Paper—* Oats and Oat Products—I. Culture, Histology, Composition, and 
Milling.” by H. J. Brownlee and Frank L. Gunderson, read by Dr. Gunderson. 
Discussion by Henry P. Howells, 0. FE. Gookins and R. C. Sherwood. 

_ Paper—*“ The Imbibition of Water by Proteins,” by Dorothy Jordan Lloyd. 
Discussion by C. H. Bailey, R. A. Gortner, Earl B. Working, M. J. Blish, and 
Betty Sullivan. 
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Paper—“ Lipase Activity of Flour,” by A. K. Balls and W. S. Hale, read by 
Dr. Hale. Discussion and questions by Betty Sullivan, Washington Platt, Earl 
B. Working, and R. C. Sherwood. 

Paper—“ An Improved Method of Sugar Determination in Diastatic Activity 
Measurements,” by F. C. Hildebrand and B. A. McClellan, read by Dr. Hildebrand. 

Paper—‘“ A Sensitive Method for the Measurement of Proteolytic Activity,” 
by Quick Landis. Questions by J. H. Lanning, C. H. Bailey, J. W. Read, F. C 
Hildebrand, and J. G. Malloch. 

Paper—“ Recent Advances in Biochemistry,” by R. A. Gortner. Comments 
by J. W. Read. 

‘ nm... meeting, recessed at 12:25 p.m., was reopened by President Liggitt at 
:10 p.m. 

George S. Bratton presided over the first part of the malting and brewing 
program and Charles N. Frey over the last part. 

Paper—“ Report of the Malt Analysis Standardization Committee,” by D. A. 
Coleman. 

Paper—“ Review of the Brewing Literature Issued from June 1936 to June 
1937, with Special Reference to Barley Malt and Malt Adjuncts,” by Elsie 
Singruen. 

Paper—“ Studies of the Activity of the Barley Amylases,” by Claude Hills 
and C. H. Bailey, read by Claude Hills. 

Paper—“ Sources of Error in the Determination of the Diastatic Power of 
Malt,” by H. R. Sallans and J. A. Anderson, read by J. A. Anderson. Discussion 
and questions by D. A. Coleman, H. C. Gore, and Lawrence E. Ehrnst. 

Paper—* Effect of Substrate on Diastatic Activity,” by Sutton Redfern and 
William R. Johnston, read by Sutton Redfern. 

Paper—“ Temperature and Other Factors Influencing the Malting of Barley,” 
by D. A. Coleman, H. B. Dixon, S. R. Snider, and H. C. Fellows, read by Dr. 
— Questions and discussion by Christian Rask, H. W. Rohde, and H. C 

re. 

Paper—“ The Study of Varietal Differences in the Malting Quality of 
Barley,” by J. A. Anderson and W. QO. S. Meredith, read by J. A. Anderson. 
Questions by H. W. Rohde and D. A. Coleman. 

Paper—“ Barley and Malt Studies—IV. Experimental Malting of Barleys 
Grown in 1936,” by James G. Dickson, H. L. Shands, Allan D. Dickson, and B. A. 
Burkhart, read by James G. Dickson. Questions by H. C. Gore, H. W. Rohde, 
J. A. Anderson, and Charles N. Frey. 

Paper—“ Oxygen Absorption, an Undefined Variable in Fermentation Meas- 
urement,” by George W. Kirby and Lawrence Atkin, read by George W. Kirby. 
Questions by M. J. Blish and J. H. Lanning. 

The meeting was closed at 5:30 p.m. 

Refore the opening of the Thursday morning meeting, a breakfast, held for 
the officers and chairmen of the Local Sections, was attended by Messrs. Bailey, 
Barackman, Bratton, Bruce, Coleman, Collatz, Doty, Fifield, Herron, Kress, Lig- 
gitt, MacTavish. Mize, Parker, Platt, Putnam, Reiman, Rumold, and Simmons. 
Among the problems.of local section administration discussed were the desirability 
of exchanging ideas and of passing good speakers around, the necessity of obtain- 
ing full publicity for all local section programs and other activities, and the re- 
sponsibility for providing the President with local section information and _per- 
sonal items for the News Letter. 

(Thursday the ladies enjoyed a trip to Lake Minnetonka in the morning and 
had tea at the Betty Crocker kitchen in the afternoon.) 


Friday, May 28 


President Liggitt opened the meeting at 9:05 a.m. and placed it in the hands 
of Charles A. Glaban. presidine chairman for the morning. 

Paner—* Some Factors Influencing Kernel Texture in Soft Winter Wheat,” 
by E. G. Bayfield. 

Paper—“ Factor Control in Cake Baking,” by J. A. Dunn. Questions by M. 
D. Mize and Francis J. Coughlin. 

Paner—* The Emulsion Foam Formed by Agitating Butter, Sugar and Eee. 
The Effect of Pre-heat Treatment of Butter,” hy Emily Grewe, read by title only 
in the absence of the author. 
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Paper—* A Comparison of Several Methods of Determining the Neutralizing 
Strength of Monocalcium Phosphate,” by S. Klosky, K. H. Lorenz, and W. Corey, 
read by K. H. Lorenz. 

The technical program was interrupted at this point when President Liggitt 
presented Betty Sullivan, chairman of the Program Committee and F. A. Collatz, 
chairman of the Local Arrangements Committee, and on behalf of the Association 
thanked each of them and their committees for the splendid success of the meeting. 
The members of each of the committees were asked to take a bow. 

The Program Committee consisted of G. S. Bratton, R. K. Durham, F. L. 
Dunlap, C. N. Frey, W. F. Geddes, and W. L. Haley. 

The Local Arrangements Committee included C. G. Harrel, Charles Ingman, 
M. C. Markley, L. R. Olsen, W. L. Rainey, R. C. Sherwood, and A. D. Wilhoit, 
who were assisted by Robert Beatty, R. C. Benson, Charles Ferrari, Frank Hilde- 
brand, Claude Hills, Fred Lumsden, Chester Ofelt, A. R. Sasse, Olaf Stamberg, 
and Wesley Steller. 

Mrs. Leslie R. Olsen, chairman of the Ladies’ Entertainment Committee, was 
presented to the group. She complimented Mrs. F. A. Collatz, Mrs. R. M. Finch, 
Mrs. R. C. Sherwood, and Mrs. A. D. Wilhoit, members of her committee, for 
their support and assistance 

R. A. Barackman read and moved the acceptance of the Report of the Resolu- 
tions Committee, given on page 599; seconded by Charles A. Glabau; carried. 

C. B. Kress invited all interested members to attend the annual meeting of the 
Pacific Northwest Section of the Association at Portland, Oregon, June 10 to 12. 

The technical session was resumed when Presiding Chairman Glabau called 
on L. D. Whiting to present the general report of the Committee on Cake Baking 
Tests and Self-Rising Flours. 

Paper—*“ Convenient Crumb Color Standards for Self-Rising Flours,” by 
Grant W. Pearcy and H. W. Putnam, read by Grant W. Pearcy. Discussion and 
questions by C. B. Kress, H. K. Parker, and L. D. Whiting. 

Paper—“ Summary of Collaborative Cake Baking Tests,” by L. D. Whiting. 
Questions by Oscar Skovholt, J. W. Montzheimer, and C. B. Kress. 

Paper—“ Report of the 1936-37 Committee on Testing Biscuit and Cracker 
Flours,” by Walter Reiman, read by George Garnatz. 

The meeting was then returned to President Liggitt. 

L. D. Whiting moved acceptance of the Report of the Committee on Cake 
Baking Tests and Self-Rising Flours; seconded by Charles A. Glabau; carried. 

Charles Glabau read an informal report of the Committee on Employment in 
which he stated that during the year twelve applications for positions had been 
made by chemists, seven inquiries had been received from prospective employers, 
and two positions had been filled. 

J. A. Dunn moved acceptance of the report; seconded by M. D. Mize; carried. 

During the morning, C. H. Bailey announced plans being made for the Min- 
nesota Institute of Cereal Chemistry. If sufficient interest is shown, this will be 
held next February in the Center for Continuation Study at the University of 
Minnesota. The institute is being designed to afford a convenient opportunity for 
cereal chemists to become familiar with the latest technical developments in their 
profession under the guidance of lecturers from the staff of the University and 
others who will be invited to participate in the round-table discussions. 

The meeting was recessed for luncheon at 11:55 a.m. 

The final session Friday afternoon was called to order at 2:02 p.m. by Presi- 
dent Liggitt, who introduced W. F. Geddes as presiding chairman. 

Paper—*“ Revort of the Committee on Testing Rye Flours, 1936-37,” by L. H. 
Bailey. Discussion and questions by Charles Ferrari, Oscar Skovholt, Elmer 
Modeer, and Max C. Markley. 

Paner—*“ Report of the Committee on Definitions of Technical Terms,” by 
Quick Landis. 

Paper—* The Case of Bromate vs. Proteinase.” by 7. W. Read and L. W. 
Haas, read by J. W. Read. Discussion by John T. Flohil, Betty Sullivan, and 
W. F. Geddes. 

Paper—* Physical and Chemical Properties Found in Egvptian Bread of the 
18th Dynasty,” by C. A. Glabau and Pauline Goldman, read by C. A. Glabau. 
Comments by T. W. Read and L. H. Bailey. 

Paper—“ The Quality of Rust Resistant Hard Red Spring Wheats Under De- 
velopment in Canada,” by A. G. O. Whiteside. 
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Paper—“ The Quantitative Determination of Bromine in Brominated Flours,” 
4s H. Lehberg and W. F. Geddes, read by W. F. Geddes. Question by J. H. 

nning. 

Paper—*“ A Study of Certain Physical Properties of Bread Through the Stal- 
ing Process with Use of the Electronic Cell,” by C. A. Glabau and Pauline Gold- 
man, read by C. A. Glabau. Question by Quick Landis. 

Paper—" The Relation of Flour Strength, Soya Flour and Temperature of 
Storage to the Staling of Bread,” by Wesley R. Steller and C. H. Bailey, read by 
Wesley R. Steller. Question by L. H. Bailey. 

The meeting was turned back to President Liggitt who called on D. A. Cole- 
man to read the recommendations of the Malt Analysis Standardization Committee. 
Dr. Coleman moved adoption of the report; seconded by L. H. Bailey; carried. 

L. H. Bailey next read the recommendations of the Committee on Testing Rye 
Flours, and moved the acceptance of the report; seconded by J. W. Read; carried. 

Quick Landis said the Committee on Definitions of Technical Terms had no 
recommendations to make. He moved acceptance of their report given on page 
595; seconded by W. F. Geddes; carried. 

President Liggitt announced the recommendation that the registration list of 
the Annual Meeting should be treated with the same respect as the membership list 
of the Association in that it should not be used for advertising or general solicita- 
tion. 

President-Elect C. H. Bailey was called to the platform and invested with the 
gavel of the Association. In anticipation of the event, Dr. Bailey had appointed 
Washington Platt and R. C. Sherwood to draft the following resolutions which 
were read by Dr. Sherwood: 

Whereas, Harry D. Liggitt has served this Association long and faithfully for 
many years and in many capacities, including those of Chairman of the Local Ar- 
a Committee, Chairman of the Executive Committee, Vice-President and 

resident ; 

Whereas, in all of his activities for the Association, and notably during his 
term as President, Mr. Liggitt has given generously of his time and best efforts 
and has shown enthusiasm, fairness, good judgment and a striving for high scien- 
tific standards ; and 

Whereas, during his term as President, now just completed, the Association 
has made marked progress in membership, morale, and scientific attainments : 

Be it therefore, resolved, that this Association hereby expresses its apprecia- 
tion of the work of Harry D. Liggitt and its high regard for him personally. 

Be it further resolved, that the Association present to him a permanent token 
of its esteem, and that the new President be instructed to appoint a committee to 
make all arrangements for the procurement and presentation of a suitable token. 

Dr. Sherwood moved adoption of the resolutions; seconded by several mem- 
bers ; carried. 

In accordance with these resolutions, Dr. Bailey appointed Washington Platt, 
Leslie R. Olsen, and R. C. Sherwood to draw up the testimonial. 

Dr. Bailey announced that in keeping with the constitutional provisions and 
the traditions of the Association, the two past presidents, Mr. Platt and Mr. Liggitt, 
together with the new Vice-President, W. F. Geddes, would constitute the Execu- 
tive Committee, and that they had invited M. D. Mize, retiring Treasurer, to sit 
with them as the fifth member. 

Doctor Bailey stated that not all of the Association committees had been ap- 
pointed, but that R. M. Sandstedt would continue as chairman of the Committee on 
Methods of Analysis; D. A. Coleman, Malt Analysis Standardization Committee ; 
and C. F. Davis, Committee on Methods of Analysis; and that Walter Reiman 
would be chairman of the Local Arrangements Committee; and George Garnatz, 
chairman of the Convention Program Committee. 

In accordance with a suggestion presented to the Executive Committee, all 
of the soft wheat work for the next year at least will be grouped together in a 
general committee with several sub-committees, each with its respective chairman. 
Appointments to this and other committees of the Association will be announced 
through the News Letter. 

In the absence of further business, the 1937 Annual Meeting was adjourned at 
4:45 p.m. 

The total registration was 203 members and 145 visitors and guests. 

Following the formal closing, Arthur Hartkopf showed motion picture reels 
to illustrate a new moisture test oven. 
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MINUTES 


Report of the Executive Committee 
C. H. Bailey, Chairman 


It appears that the year just closing has been relatively quiet, serene, and 
devoid of any major political upheavals. No officer or member has proposed any 
additions to or subtractions from our governing body or Supreme Court. In con- 
sequence the association has moved quietly along the routes defined by our earlier 
traditions and rules. Moreover, we have prospered, as judged from accretions to 
both the membership roll and the treasury. 

One of the major responsibilities of the Executive Committee is to determine 
where the annual meetings shall be held. To secure the preference of the mem- 
bership in this connection, a mail ballot was solicited early in the present calendar 
year. On the basis of the ballot, and in view of other considerations, your com- 
mittee has selected Cincinnati, Ohio, for the meeting in 1938. Unless sufficient 
reasons are advanced later to justify a change in date, it is now assumed that the 
1938 sessions will be held during the same period in May, as the present (1937) 
convention. 

As has been true for several years past, the insane Executive Committee 
has found itself confronted with some difficulties in interpreting those provisions of 
Article III, Section 2 of the Constitution which attempt to define the qualifications 
for membership. What constitutes “an equivalent of” certain college or univer- 
sity training in chemistry is often very doubtful. Moreover, the issue arises as to 
whether or not the Association would do well to again consider its standards for 
membership, and determine if it might properly elevate these standards in keeping 
with the general elevation of educational requirements for candidates for industrial, 
research and teaching positions. Accordingly the Executive Committee at its 
meeting in March authorized the president of the Association to appoint a_com- 
mittee to consider and advise respecting these provisions. It is anticipated that 
this committee will report shortly, and that any action taken by the Association as a 
whole, or by the Executive Committee, will be guided by its recommendations. 

The Executive Committee considered at some length those policies of the 
Association which have to do with the activities of its other committees. As a 
result of these deliberations it was decided to propose on this occasion that as 
great a permanence and continuity be given to the membership of certain com- 
mittees as might be feasible without overburdening those members who serve in 
such capacities. For example, it appears that in certain equivalent societies and 
associations, some member or small group of members will continue, over a period 
of years, to study certain analytical or testing methods. Thus, they become experts 
in that particular subdivision of interest, and can counsel their organization in the 
formulaton of standardized or approved methods to the best possible advantage. 
In so far as this Association is concerned, it is not proposed to congeal the mem- 
bership of these committees; on the other hand, as certain members manifest an 
interest in, or capacity for engaging in, activities of this sort, they may be promptly 
added to the appropriate committee. It may be well, however, to maintain a cer- 
tain nucleus of more-or-less permanent members in these committees who shall 
continue with projects of major interest to their respective committees long enough 
to bring these projects to fruition. 

The Executive Committee has been advised that two of the Association's 
officers, the Treasurer, Mr. Mize, and the Secretary, Mr. Putnam, can no longer 
continue in their present offices and accordingly are not candidates for reelection. 
Mr. Mize has served us faithfully since he was elected to the office of Secretary- 
Treasurer here at Minneapolis in June 1928. Since 1935 he has held the office 
of Treasurer, and Mr. Putnam was then elected Secretary in that year in ac- 
cordance with the revision in the constitution which divided the older dual office. 
This has been a grueling task over a decade, and for this committee, as well as the 
entire membership, we express our heartiest thanks for the competent manner in 
which Mr. Mize has discharged the heavy duties of his offices. 

Mr. Putnam became Secretary two years ago and has proven to be an efficient 
officer who has cooperated effectively with his colleagues in administering his 
department. We regret that the pressure of personal responsibilities makes it im- 
possible for him to continue in this office. To him, also, go our heart-felt thanks 
ior a task well done. It is probable that few of us fully realize the volume of 
work which is handled by these two officers, and the generous spirit with which they 
work in our behalf, 
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Other activities of this committee involved relatively minor and routine details 
which need not be enumerated here. 


Report of the Secretary 
H. W. Putnam 


The work of the Secretary during the year just closed has been chiefly routine 
in character. It has involved caring ior the general correspondence of the Asso- 
ciation, contacting both the chairmen and secretaries of the Local Sections, writ- 
ing letters of welcome to place new members in touch with the Local Sections 
nearest them, assembling and preparing some material for the News Letters, and 
maintaining an up-to-date membership list for distribution to all interested members. 


Report of the Committee on Definitions of Technical Terms 


Quick Landis, Chairman 


The activities of the committee this year have included attempts to define 
some apparently troublesome concepts regarding the Standardization of Test Bak- 
ing, particularly with reference to classification. These included comparisons of 
interpretation with application, synthetic with analytic, Fixed Type procedures with 
Variable Type procedures, distinctions between check and control, and a statement 
of the wide sense in which evaluate is used (News Letter, May 1937). Other 
troublesome concepts with which the committee may be concerned in the future 
are those related to optimum and tolerance values, gas retention and others men- 
tioned by Mr. Brouliett. 

Perhaps the committee’s efforts should not be so largely confined to the spe- 
cial field of breadmaking. If so, it might be well to enlarge the committee with 
representatives from other committees which operate in a field wherein definitition 
of terms is desirable. 

The committee invites correspondence, but will use questionnaires only when 
specific problems arise. 

_ The committee offers the following tentative definitions for your considera- 
tion: 

Interpretation n. “ The explanation of what is obscure, the translation into 
intelligible or familiar language or terms (only).” 

Application n. “ The bringing to bear of ... a principle, statement (or set 
of results, e.g. of baking tests) . .. to a case,” e.g. a specific commercial appli- 
cation. 

Synthetic (syn., integral) adj. Pertaining to “the composition or combina- 
tion of parts, elements, etc. (e.g. flour, baking ingredients and procedure) to form 
a whole (e.g. a test loaf) ; the combining of factors, forces, etc., into one complex.” 

Analytic (syn. differential) adj. Pertaining to “the resolution or separation 
of anything (e.g. flour) into constituent parts or elements,” c.g. flour factors; the 
isolation or segregation of elements or components. 

Fixed type procedures n. Those rigidly prescribed in terms of quantities, 
relative to flour, of water, salt, yeast, sugar, etc., and mixing, fermentation and 
proof times, ete. 

Variable type procedures n. Those rigidly prescribed in terms of resulting 
dough consistency, fermentation rate, salt concentration, sugar level, ete., and 
mechanical development, conditioning rate, proof volume, etc., which therefore de- 
mand a flexibility of formula and procedure. 

Check n. “ An examination at a given time of the functioning of an organ- 
ism or machine (or product) to verify accuracy (or uniformity). v. to verify, 
test or compare so as to determine accuracy. 

Control v. “ To exercise restraining or directive influence; to regulate, hence 
to hold from (or excite to) action,” e.g. of a commercial product. 

Evaluate v. “To ascertain the amount or value of. Specifically: (math.) 
to express numerically,’ ’"—generally used in an abstract or generalized sense. Spe- 
cifically: to evaluate “in terms of,” “in relation to” or “for a particular pur- 
pose,” should be distinguished from this concept. 
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Appraise v. “ To set a value on, to judge the value or excellence of,”—usu- 
ally in reference to a particular or concrete aspect. This term is not generally ap- 
plied in baking technology, and is given only to emphasize the dual sense in which 
evaluate is used. 

Quoted statements are from Webster’s New International Dictionary; pa- 
renthesized ones are interjected by your committee. 


Report of the History Committee 
Rowland J. Clark, Chairman 


The work of the History Committee during the past year has consisted in col- 
lecting old documents ot the Association and in recording the principal events 
which have taken place since the official history of the organization was published 
in 1930. A file containing the correspondence of the first secretary-treasurer of 
the Association together with records pertaining to the early publications of the 
Journal of the A. A. C. C. was located and added to the already sizeable collection 
ot the committee. These documents relating to the early days of the association 
history are indeed interesting. The historical collection of the committee has now 
reached a very modest size. It consists principally of correspondence, the scrap- 
book containing clippings about the Association and its members and contributions 
of photographs and letters from ioreign men of science. 

It was trequently observed by the chairman of a previous History Committee 
that past presidents were reluctant to describe the events of their administrations 
for the guidance of the committee’s records. Those past presidents of the Asso- 
ciation who served in recent years are ultra-conservative in this respect. Appar- 
ently the reluctance of earlier ancestors has been intensified in the more recent 
generations, all of which has resulted in a complete withering of each past presi- 
dent’s writing arm as soon as the convention proceedings have been published. 
The History Committee has, therefore, had no choice but to write its own descrip- 
tions of the various administrations. 

This is a deplorable situation and is mentioned here as a warning and for the 
guidance of future History Committees. In order, therefore, that this condition, 
which has been growing worse with the passing years, may be rectified, and in 
order to perpetuate the sturdy race of past presidents (thereby stamping out the 
inroads of this withering disfigurement), it is deemed advisable to recommend to 
this convention that no president be released from office until he has presented in 
due form and composition a complete description of the events, aspirations and 
accomplishments which transpired during his tenure of office. Only by such drastic 
means is it possible to preserve for posterity the proper perspective of Association 
events as they occur. 


Report of the Inter-Relations Committee 
R. C. Sherwood, Chairman 


The Committee followed the plan outlined a year ago, and during the year 
supervised the preparation and mailing of reprints of former President Platt’s 
address at Dallas to a mailing list of executives of milling, baking, malting and 
cereal companies and a selected list of scientific workers who it was believed 
would be interested in activities of the American Association of Cereal Chemists. 

In addition a small number of the brochures entitled “ Presentation oi the 
Osborne Medal Award to Dr. M. J. Blish” were secured by the Committee for 
distribution to persons who the Committee believed should be informed of this 
activity of the Association and who would be interested in Dr. Blish’s address. 

Invitations to the annual meeting at Minneapolis were sent over the signature 
of the Committee Chairman to a number of executives of milling, baking and 
malting companies. 

A rather generous response to the various communications of the Committee 
was received, and many favorable comments were made concerning the many ac- 
tivities of the A. A. C. C. in the cereal field. 

The above work of the Committee exhausted the small fund appropriated by 
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the Executive Committee. Consideration was given last year by the Committee to 
the preparation of a leaflet describing Association activity for use by A. A. C. C. 
officers and various Committees. There have been a number of requests for such 
a leaflet and it is recommended that next year’s Committee prepare this as promptly 
as convenient if the officers consider this to be a normal function of the committee. 


Report of the Committee on Membership Requirements 


R. C. Sherwood, Chairman 


This committee was appointed by President H. D. Liggitt, Jr., in April this 
year to study membership requirements. Using suggestions of Mr. Liggitt as a 
guide, a questionnaire was prepared by the committee chairman and sent to each 
committee member in an effort to obtain opinions that would serve as a basis for 
Committee activities. 

Members of the committee expressed their views promptly and frankly and 
after studying the answers the chairman drafted the following summary which has 
been accepted by the other members of the committee as a fair interpretation of 
their views. 

Item 1. Should membership requirements be stiffened and should college de- 
grees be required? 

The committee was divided. All but one favored stiffening present require- 
ments. Only two favored making a college degree a requirement. Two of the 
committee proposed establishing two groups, active and associate members—the 
active group consisting of chemists, the associate group persons who could not 
meet the requirements set up for chemists but whose interests prompted them to 
apply for membership. The second group would have no vote and could not hold 
important positions in the Association. 

Item 2. Is the A. A. C, C. now accepting persons with too limited chemical 
training and is the membership becoming unbalanced in this respect? Is there any 
danger involved in allowing a group with limited training to become a majority 
and possibly rule the Association ? 

The committee was sharply divided on this item. Part of the members ex- 
pressed the opinion that we are accepting too many persons with limited chemical 
training, that danger of unbalance exists, that careful attention to this situation in 
the future is justified; while a larger number of the Committee members were very 
emphatic in their views that the present policy is not objectionable. 

Item 3. Should the Association aim for quantity and increased income rather 
than quality in membership? 

Only one of the committee believed that we should aim for quantity rather 
than quality. Three were very emphatic in their views that drives for member- 
ship to increase the number and add to the income were undesirable. 

Item 4. Should the Association be 
a. A select group of well-trained chemists ? 
hb. A group of chemists and others interested in the cereal field with only nominal 

membership requirements ? 

The committee was divided. One favored definitely a select group of trained 
chemists. Another favored more or less unlimited expansion with only nominal 
requirements for membership. The others took an intermediate position. 

Item 5. Should the Association concern itself with evaluation of credits from 
various colleges and universities which have somewhat different requiremefts for 
graduation ? 

Members agreed unanimously that the Association should not be so technical 
respecting college credits and should not attempt to evaluate credits from different 
colleges but should accept them at face value. 

Item 6. Should the present system of acceptance of members be modified? 
Would a constitutional amendment be required? Should the Secretary-Treasurer 
he instructed to refer all applications to the Executive Committee? Should a spe- 
cial membership committee be appointed? Should members be accepted only on 
vote of the Association at the annual meeting ? 

All agreed that a substantial change in membership requirements would neces- 
sitate constitutional amendment. Part of the committee favored allowing the 
Secretary-Treasurer to accept new members whose qualifications appeared satis- 


598 MINUTES OF TWENTY-THIRD ANNUAL MEETING _ Vol. 14 


factory, while others favored referring all applications to the Executive Com- 
mittee. A majority of the committee favored appointing a special membership 
committee for a long term instead of continuing our present system of handling 
applications. No one f>vored electing new members by a vote of the Association 
at the annual meeting. 


Summary and Recommendations 


There is sufficient concern to justify revising and thus stiffening membership 
requirements, or giving them a more rigid interpretation. As the committee was 
sharply divided on the subject it cannot recommend whether or not a college de- 
gree should be required. The Association should give serious consideration to 
en of associate membership without vote and without office-holding 
privilege. 

Objection to membership drives was quite positive. Majority opinion favorec 
aiming for quality in membership. 

Judging from opinions of the committee members, the officers of the A. A 
C. C. who now pass on applications should be given more rigid instructions or all 
applications should be circulated to the Executive Commitiee, in the event that 
membership requirements are not stiffened by constitutional amendment. A spe- 
cial membership committee, assigned the task of reviewing and approving applica- 
tions, was regarded with much favor by the committee. 

There is no necessity for considering the more cumbersome system of voting 
on new members at the annual meeting. 

It is recommended that the activities of this committee be continued by an- 
other special committee and that attempts be made to obtain representative views 
of Association members outside the committee before considering revision of the 
Constitution, 

This committee consisted of L. E. Jackson, G. FE. Findley, Earl B. Working, 
H. W. Rohde, C. G. Harrel, and the chairman. 


Report of the Committee on Osborne Medal Award 
Paul Logue, Chairman 


The Committee on Osborne Medal Award has no recommendation of award 
to make to the Association at this time. 

The names of several able men have been considered and the deliberations and 
investigations of the Committee will be made available to the succeeding committee 
appointed. 

It is recommended that future Committees : 

. Poll the Association for nominations. 

. Make a thorough investigation of the scientific work and achievements for the 
advancement of cereal chemistry made by each nominee. 

. Determine by conference, correspondence and ballot within the Committee the 
next man to be recommended for the awarded medal. 

. Make the recommendation to the President for the award. 


Report of the Publicity Committee 
T. R. West, Chairman 


The Publicity Committee, consisting of Messrs. Marx, Glabau, Richards, Frye, 
Hastings, MacTavish, Brooke, and West, has attempted to put before the public 
each and every item of importance and news interest that has had any connection 
with the association or its membership. Practically every meeting of the local 
sections has been covered and numerous items of special interest have been released. 

Thirty-nine publications in the United States, Canada, and England receive 
our news releases and we, ai this time, in behalf of the Association, wish to ex- 
press to them our thanks for their cooperation in our behalf. Thanks also are 
due the several officers of the Association and Local Sections as well as individual 
members of the Association who furnished this committee with material and in 
other ways cooperated with it. 
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Report of the Traffic Committee 


G. Norman Bruce, Chairman 


In the original survey of train schedules by your Traffic Committee it was 
learned that a Monday evening session of the convention was not convenient, so 
the Arrangeme:its Committee decided to open the convention on Monday morning. 

The “ Hiawatha” on the Milwaukee Koad Sunday afternoon, May 23, was the 
— point of all eastern and midwestern members enroute to Minneapolis from 
Chicago. 

Complete suggested schedules for trains from all important points were printed 
in the News Letter. 

The members of the Traffic Committee all cooperated to see that all arrange- 
ments were most convenient. 


Report of the Committee on Resolutions 
R. A. Barackman, Chairman 


Whereas, The American Association of Cereal Chemists today completes an- 
other annual meeting, the success of which is largely due to the untiring efforts of 
the officers and committees of the Association : 

Therefore, be it resolved that the thanks of the Association be extended to 
H. D. Liggitt, President; C. H. Bailey, Vice-President; H. W. Putnam, Secretary ; 
M. D. Mize, Treasurer; the Program Committee, Miss Betty Sullivan, Chairman; 
the Session Chairmen; the Local Arrangements Committee, F. A. Collatz, Chair- 
man; The Ladies’ Entertainment Committee, Mrs. Leslie Olsen, Chairman; and 
to the other committees and Association members, who have so faithfully served 
in their respective duties. 

Be it turther resolved that we express our appreciation to D. A. Coleman, 
Editor-in-Chief, and to C. C. Fifield, Managing Editor of CereAL Cuemistry, for 
their continued good work. 

Be it further resolved that we express our thanks to the Rey. Dr. Charles P. 
Deems for his invocation at the opening of our meeting. 

Be it further resolved that we express our appreciation to the following for 
their excellent contributions to our meetings: Dr. A. K. Balls, Dr. W. S. Hale, 
and Dr. D. Breese Jones, U. S. Department of Agriculture, Washington, D. C.; 
Dr. R. A. Gortner, Chief-of-Staff, Department of Agricultural Biochemistry, 
University of Minnesota ; Arthur Hartkopf, Brabender Corporation, Duisburg, 
Germany; Dr. Dorothy Jordan Lloyd, Director of Research of the British Leather 
Manufacturers Researclt Association, London, England; Dr. Alonzo E. Taylor, 
Chairman of Research, General Mills, Minneapolis, Minnesota. 

Be it further resolved that we extend our thanks for the golf and diversified 
recreation prizes and banquet door prizes to: American Agricultural Chemical 
Company, American Soya Products Corporation, Church & Dwight Company, 
Despatch Oven Company, Durkee Famous Foods, Grasselli Chemical Company, 
Laboratory Construction Company, Lever Brothers Company, P. E. Minton, Mon- 
santo Chemical Company, Precision Scientific Company, Standard Brands, Inc., 
Victor Chemical Works, George T. Walker Company, Wallace & Tiernan Com- 
pany, Wesson Oil & Snowdrift Sales Company, and Worchester Salt Company. 

Be it further resolved that we express our thanks to N. R. Messick, Manager 
of the Hotel Nicollet, for his excellent cooperation in making it possible for our 
successful meetings. 

Be it further resolved that we express our appreciation to Robert Beatty, 
who contributed so well to the entertainment during our annual banquet. 

Be it further resolved that we express our appreciation to the Archer-Daniels- 
Midland Company, the Creamette Company, and the Hamm Brewing Company for 
the interesting and educational inspection trips arranged for our members. 

Be it further resolved that we thank the Department of Agricultural Biochem- 
istry, University of Minnesota, for the loan of the balopticon for our meeting. 
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A. A. C. C. Committees 


Executive Committee 


W. F. Geddes, Chairman Washington Platt C. H. Bailey 

H. L. Liggitt, Jr. M. D. Mize 
Membership Committee 

D. A. MacTavish, Chairman Bert Ingels J. M. Doty 


Chairmen of local sections 


Committee on Methods of Analysis 


R. M. Sandstedt, Chairman C. F. Davis W. L. Heald 
k. T. Bohn F. C. Hildebrand J. T. Flohil 
D. S. Binnington 


Malt Analysis Standardization Committee 


D. A. Coleman, Chairman H. W. Rohde Elsie Singruen 
G. S. Bratton A. D. Dickson H. C. Gore 
J. A. Anderson 


Committee on Definitions of Technical Terms 
Quick Landis, Chairman Washingtan Platt Clinton Brooke 


Committee on Employment 


Chas. Glabau, Chairman J. M. Doty Max Markley 
J. A. Dunn 


Committee on Standardization of Laboratory Baking 
C. F. Davis, Chairman W. L. Heald Max Markley 


M. J. Blish Gordon Malloch C. N. Frey 
kK. L. Von Eschen C. O. Swanson G. F. Garnatz 


Committee on Osborne Medal Award 


Paul Logue, Chairman C. L. Alsberg M. J. Blish 
C. G. Ferrari C. H. Bailey 


Inter-Relations Committee 


R. C. Sherwood, Chairman C. G. Harrel Fr. L. Dunlap 
G. F. Garnatz F. L. Gunderson Washington Platt 


Auditing Committee 


H. K. Parker, Chairman C. A, Glabau W. E. Stokes 
Special Auditing Committee for Cereal Chemistry 
J. A. LeClere L. H. Bailey 
History Committee 
R. J. Clark, Chairman R. W. Mitchell L. R. Olsen 


Investment Committee 


Paul Logue, Chairman C. N. Frey 
Convention Program Committee 

G. F. Garnatz, Chairman Betty Sullivan Thos R. Aitken 

E. G. Bayfield F. L. Dunlap H. V. Moss 


D. A. Coleman 
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Traffic Committee 
Howard Clark 


N. L. Gregory 
E. F. Tibbling 


J. D. Veron 
J. W. Clulow 


G. N. Bruce, Chairman 
Fred Lumsden 


Committee on Requirements for Membership 
R. C. Sherwood, Chairman L. E. Jackson Earl Working 


G. E. Findley 


H. W. Rohde 


C. G. Harrel 


REGISTRATION OF CONVENTION, MINNEAPOLIS, MINNESOTA 


Howard Adler 

T. R. Aitken 

A. W. Alcock 
George L. Alexander 
J. Ansel Anderson 
Arlee A. Andre 
Grant R. Astleford 
C. H. Bailey 

L. H. Bailey 

H. W. Baker 

John C. Baker 

R. A. Barackman 
F. W. Bartholomew 
E. G. Bayfield 

R. C. Benson 

D. S. Binnington 

F. A. Bleger 

M. J. Blish 

George Bogle 
Leonard J. Bohn 

R. T. Bohn 

L. R. Bowman, Jr. 
D. L. Boyer 

G. S. Bratton 
Charles H. Briggs 
Mary Minton Brooke 
E. B. Brown 

Pearl Brown 

W. E. Brownlee 

G. Norman Bruce 
F. C. Buzzelle 
William H. Cathcart 
Howard A. Clark 
Lee E. Clark 

D. A. Coleman 

F. A. Collatz 

Y. F. Coombs 
Francis J. Coughlin 
Leonard C. Crandall 
A. E. Curtis 

Ernest Dallam 
John R. Davies 
Claude F. Davis 
Allan D. Dickson 
J. M. Doty 

F. L. Dunlap 

J. A. Dunn 


May 24-28, 1937 


Members 


Roy K. Durham 
Lawrence E. Ehrnst 
William G. Epstein 
H. S. Faulkner 
Charles G. Ferrari 
C. C. Fifield 

G. E. Findley 

V. E. Fisher 
Henry Flick 

John T. Flohil 

E. N. Frank 
Jacob Freilich 
Charles N. Frey 
George Garnatz 
W. F. Geddes 
Charles A. Glabau 
W. E. Glasgow 
Phil Goldfisch 

O. E. Gookins 

H. C. Gore 

M. A. Gray 

N. L. Gregory 
Frank Gunderson 
C. B. Gustafson 
Louis W. Haas 
William L. Haley 
Harold Hall 

L. A. Hall 

C. G. Harrel 

Rae H. Harris 
William L. Heald 
Julius Hendel 
Charles Henry 
Ralph S. Herman 
A. E. Herron 
Frank Hildebrand 
George L. Howard 
Marjorie Howe 
Henry Howells 
Adolph Hraba 
Louis Huber 

W. S. Hutchinson 
Charles W. Ingman 
L. E. Jackson 
Arnold H. Johnson 
Earl J. Johnson 
H. H. Johnson 


J. Harry Johnson 
Joseph H. Julicher 
Charles King 

G. William Kirby 
E. J. Kiteley 

C. B. Kress 

A. L. Lancaster 
Quick Landis 

J. H. Lanning 

S. J. Lawellin 

L. E. Leatherock 
H. D. Liggitt, Jr. 
K. H. Lorenz 

J. M. Lugenbeel 
Fred J. Lumsden 
B. A. McClellan 
R. A. McCormick 
Harold McGhee 
William McWilliams 
C. H. MacIntosh 
D. A. MacTavish 
J. G. Malloch 
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THE ADAPTATION OF THE FERRICYANIDE MALTOSE 
METHOD TO HIGH DIASTATIC FLOURS 


R. M. SANDSTEDT 


Department of Agricultural Chemistry, University of Nebraska, Lincoln, Nebraska 


(Read at the Annual Meeting, May 1937) 


The original ferricyanide method for the determination of maltose 
value of flours (Blish and Sandstedt, 1933) is limited to the determina- 
tion of less than 17 mg. of maltose. Accordingly less than the usual 
5 c.c. aliquot of flour extract must be taken if the maltose value is over 
330. The use of these smaller aliquots has sometimes proved unsatis- 
factory for purposes demanding a high degree of accuracy. To over- 
come this difficulty, the ferricyanide method has been modified to use 
alkaline 0.10 N instead of alkaline 0.05 N ferricyanide. This modifica- 
tion permits the determination of maltose values up to 600 using 5 c.c. 
aliquots of flour extract. No change in procedure is made. The neces- 
sary changes in solutions are as follows: 


1. Alkaline 0.10 N ferricyanide solution. 
33.0 g. of pure dry K,Fe(CN),, and 
44.0 g. anhydrous Na,CO, per liter. 
. 0.10 N thiosulfate solution. 
24.82 g. Na,S,O,5H.O and 3.8 g. borax per liter. 
. Acetic acid-salt mixture. 
200 c.c. glacial acetic acid. 
70 g. KCL. 
40 g. ZnSO,7H.O per liter. 
. Combined 2% soluble starch—50% KI solution. 
Suspend soluble starch in a small quantity of cold water and pour 
slowly into boiling water with constant stirring. Cool, add KI, 
make to volume and add one drop saturated NaOH solution per 
100 cc. Use 1 cc. 
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A new maltose conversion table is also necessary. This table is ar- 
ranged to read maltose per ten grams of flour directly from the thio- 


sulfate titration. 


0.10 N FerricyAnip—E MALtose CoNvVERSION TABLE 


Maltose Maltose Maltose 
O10N 10g. O.10N_ per 10g. 0.10N_ per 10g. 
thiosulfate flour thiosulfate flour thiosulfate flour 


Ce. Mg. 
0.10 618 
608 
598 


S22 


— 


1 
1. 
1 
1 
1 
2: 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
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Ce. Mg. Cc. Mg. 
3.40 373 6.70 166 
3.50 367 6.80 161 
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( 151 
( 145 
( 140 
( 135 
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1 116 
1 111 
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